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FOREWORD 


The authors wish to acknowledge the support received from both government and contract per- 
sonnel associated with the Landsat-4 program. Constructive discussions and useful data have been 
provided by both W. Webb and J. Bala of the National Aeronautics and Space Administration 
(NASA). Outside contractor support was provided by L. Beuhler from Operations Research, In- 
corporated, and by J. Dietz and P. Mallerbe from the General Electric Corporation. 

Many general references to the Landsat program are available to the public. Relevant information 
and data from these references have been extracted for incorporation this document. It is 
hoped that this will broaden the circulation of critical information earned in these documents. 

Of particular interest are four publications, two by the Hughes Aircraft Company and two by the 
General Electric Corporation. The titles of these documents are (1 ) “Multispectral Scanner, Final 
Report,” HS-248-00 10-0867, Hughes Aircraft Company (March 1982); (2) ‘‘MSS Protoflight Radio- 
metric Calibration and Alignment Handbook,” HS-248-1379, Hughes Aircraft Company (July 
1981); (3) “Landsat-D MSS Baseline Test Procedure,” ITP-LD-31 1, General Electric Corporation 
(September 1981); and (4) “MSS Standard Interface Document.” GE-B0-78-034, General Electric 
Corporation (July 1978). 

These documents contain explicit information pertaining to sensor and spacecraft level tests and 
their results. In addition, the document “Landsat-4 to Ground Station Interface Description,” 
Revision 5. GSFC 435-D-400 (August 1982), has been referenced where appropriate. Data and 
other technical memoranda accessed include both NASA publications and presentation material 
used in May 1982 at the first Landsat-4 users’ conference. 
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SECTION 1 


INTRODUCTION 


1.1 OVERVIEW 

The purpose of this document is to describe the radiometric calibration procedures for the Land- 
sat-4 Multispectral Scanner (MSS) subsystem. The topics covered are as follows: 

• Instrument Description 

• MSS Spectral Characteiization 

• Prelaunch MSS Radiometric Calibration 

• Postlaunch MSS Radiometric Processing 

• Examples of Current Data Resident on the MSS Image Processing System (MIPS) 

The objective of the radiometric calibration is to relate vi<»o digital levels on computer compatible 
tapes (CCT’s) to radiance into the sensor. To achieve this, the sensor must be calibrated with respect 
to a radiance source. The scanner subsystem includes such an internal radiance source (lamps). 

The basic function of the internal calibration system is to provide repetitive sets of voltages (digital 
counts) for each ietector for known input radiance levels. The digital values and their correspond- 
ing radiance levels are assumed to be related through a linear equation. 

The radiance levels f the internal source are established by calibrating it with respect to known 
standard reference levels. Such a source is provided by the NASA 76-cm (30-inch) integrating 
sphere. During prelaunch calibration, the MSS is used as a transfer device between the integrating 
sphere and the internal lamp. The known radiance values from the integrating sphere and their 
corresponding digital counts for the detector outputs are used to establish each detector’s linear 
transformation. This transformation is used in a subsequent step to obtain the radiance levels of the 
internal lamp. 

The MSS instrument has six detectors for each band. The detectors for any given band may have 
different responses to different input radiances. Some detectors saturate at different input radiance 
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levels; others can register zero digital values corresponding to different low-input radiances. This 
causes striping in the MSS image. It is therefore necessary to map the responses of all six detec- 
tors of a given band to a common calibration curve. This results in one single straight line in the 
radiance-digital count plane for each band as shown below: 



The radiance value corresponding to a digital count V c (on the CCT) resulting from the above 
straight line relationship is given by 


R = V. 


R - R 

mix A min 


■+ R 


(M) 


where R is the saturation radiance that results in maximum digital count V mix (typically = 127) 
and R min is the lower cutoff radiance resulting in zero digital value. For Landsat 4, the most current 
values of R and R . are given as follows: 

m ax m in 


ax iv 

min max 

Band (mW/cm 2 1st) (mW/cm 2 1st) 

1 0.02 2.3 

2 0.04 1.8 

3 0.04 1 .3 

4 0.10 4.0 
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During prelaunch calibration analysis, linear regression coefficients are derived that relate the gain 
and offset of a detector to radiance levels of the internal lamp. These coefficients are used during 
postlaunch radiometric processing. Using these coefficients and data collected from the internal 
lamp during flight operation (often in conjunction with scene content data), digital counts versus 
radiance curves for each detector are once again generated. The final result is a Radiometric Lookup 
Table (RLUT) that allows a radiance value to be assigned tc each detector reading. In addition, all 
detectors of a given band are again mapped to a common calibration curve, anu j new equation 
identical with equation ( 1*1 ) is obtained with new values of R . and R . . 

1.2 DOCUMENT ORGANIZATION 

Section 2 describes the MSS instrument, and Section 3 summarizes the spectral characteristics of 
the MSS. Section 4 introduces the reader to the prelaunch calibration procedures. Section 5 
discusses postlaunch radiometric processing. Section 6 presents examples of current data resident 


on MIPS. 



SECTION 2 


LANDSAT-4 MSS SYSTEM DESCRIPTION 

The MSS is familiar to most users of remotely sensed, digitally processed image data. The following 
instrument description will illustrate the scanner optics configuration, the electro-optics configura- 
tion, and mqjor performance issues relevant to the Landsat-4 MSS. 

The MSS is a scanner optic system capable of generating Earth imagery in four spectral bands. Data 
are gathered by either phototubes or photodiodes, multiplexed, and then transmitted to an Earth 
station. Images generated cover 185 km on a side. The ground-processing system artificially frames 
these data by using the world reference system set of scene centers established by NASA. 

2.1 SCANNER OPTICS FOR MSS 

The scanner optic system is specially designed to ensure contiguous coverage for each band of 
imagery. Data are acquired when sunlight reflected from the Earth’s surface impinges on an oscillat- 
ing fiat mirror that redirects the Earth image into a Ritchey-Chretien-type Ca^segrainian telescope, as 
shown m Figure 2-1 . The mirror oscillation sweeps the Earth image across the focal plane of the 
telescope, at which point a fiber optic bundle rece es the light and transmits data for each sensor 
to its respective phototube or photodiode. Bands 1. 2, and 3 each use six matched phototubes for 
detection; band 4 consists of six matched silicon photodiodes. 

The fiber optic bundle is preceded by a rotating shutter wheel that allows image data to pass into 
the sensor array during the west-to-east ground track scan direction. Otherwise, the image data are 
obscured Dunng retrace motion of alternate scans, light from a calibration lamp impinges on the 
sensor system. 

light from the calibration lamp passes through a graded density filter before receipt by the focal 
plane fiber optic array. During ground processing, six unique calibration wedge data wonts are used 
to extract digital calibration light levels for each of the 24 sensors. The timing sequence between 
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video and calibration data is shown in Figure 2-2. The lower segment of this figure contains a repre- 


sentation of the relative position of the shutter wheel during video data and calibration data acquisi- 

• %. w 
i 

tion activities. 

2.2 DETECTORS AND ELECTRONICS 

Bands 1 through 3 use photomultiplier tubes (PMT’s) as detectors; band 4 uses silicon photodiodes. 
The analog video outputs of each detector are sampled by the multiplexer during the west-to-east 
portion of the mirror scan. The video outputs from each detector are sampled, commutated, and 
multiplexed into a pulse amplitude modulated (PAM) data stream. The commutated samples of 
video are either transmitted directly to the analog-to-digital (A/D) converter for encoding or, for 
bands 1 through 3, directed to a logarithmic signal compression/amplifier and then to the encoder. 
This selection is made by ground commapd. The signal compression mode is normally used for bands 
1 through 3; no signal compression is performed on band 4. 

Compression is applied for the phototube signal to make t • quantization noise mutch the Hp 'ctor 
noise. Band-4 noise nearly matches the quantization noise in the linear mode of opeiui 

A high-gain mode is also selectable by ground command. In this mode, a gain of 3 is applied to 
bands 1 and 2 (only) before A/D conversion. This allows use of the large dynamic range of these 
detectors. Light reflected from the surface of the Earth is the input radiance to the scan assembly. 
The video signal for each detector is a voltage that corresponds to this input radiance. In order to 
get back the values of input radiances from the voltage, a mathematical transformation is required. 
This transformation relates real-time calibration data to minimum and maximum radiances used in 
ground processing and will be discussed in a subsequent section. 

2.3 SCANNER OPTICS OPERATION 

Using the optical configuration previously discussed, the operation of this system must ensure 
contiguous coverage of the ground track. Since Landsat 4 will ori t at 705 km rather than at 
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Figure 2-2. MSS Data Acquision 



92C km used for previous Landsats, some special design changes were required to ensure that the 
coverage would meet requirements. This required alteration of the instantaneous field of view 
(IFOV), increase of the cross-track scan angle, and adjustment of the along-track satellite velocity 
to achieve coverage. The IFOV of each detector is 1 17.2 microradians. This subtends an Earth 
square area of 82.7 meters on one side at the planned mean equatorial orbital altitude of 70S km. 
Field stops are formed for each line imaged during a scan, and for each spectral band, by the square 
input end of an optical fiber Six of these fibers in each of four bands are arranged in a 4 by 6 
matrix in the exit focal plane of the telescope. 

As the flat mirror oscillates, it scans cross-track swatlis of 185 kilometers. The lower satellite alti- 
tude required that the maximum amplitude of the mirror oscillation be increased to ±3.75° from 
its nominal position to accommodate this requirement. Previous Landsats used an 1 1 .56° cross- 
track field of view (FOV); Landsat 4 will use a 14.9° angle to achieve this ground coverage. The 
relative position of the shutter wheel during data acquisition is illustrated in Figure 2-2. Note that 
calibration data are acquired in alternate mirror sweeps. 

Landsat 4 has been deseed for a ground-track velocity of 6.82 km/sec. Oscillating the mirror at a 
frequency of 13.62 Hz creates a 73.42-msec active scan and retrace period. The optical axis sub- 
point (subsatellite point) moves 501 meters along the Earth’s surface during this period. The width 
of the FOV of six detectors is also 501 meters. Thus, complete nonredundant coverage of the 
ground is obtained. The line swept by the first detector in one mirror sweep lies adjacent to the line 
scanned by the sixth detector of the previous mirror sweep. 

2.4 MISSION ACQUISITIONS 

A schematic of Landsat data acquisitions is presented in Figure 2-3. Each Landsat satellite has been 
placed in a circular Sun-synchronous orbit. This means that the orbit precesses in inerti 1 space at 
the same rate at which the Earth moves around the Sun. Past orbital dynamics for Landsat have re- 
sulted in the daily coverage of adjacent paths on adjacent orbits with the repeat coverage of any 
fixed orbital area fixed at 14-day intervals. 






2-5 



MSS DETECTOR DETAILS 




2-6 


Figure 2-3. Perspective of MSS Data Acquisition 






Landsat 4 will differ slightly from this scheme because of its reduced altitude and angle of insertion. 
The result will be that adjacent orbits will not be covered on the same day as was done for Landsats 
1, 2, and 3.- For example, for previous Landsats, if orbits 1, 2, and 3 would be covered on day 1, 
then orbits 15, 16, and 17 would br returned on day 2, since on any one day the satellite made 14 
revolutions of the Earth. This allowed duplicate coverage on sequential days for images with suf- 
ficiently large scene center latitudes. 

The Landsat 4 coverage pattern represents a departure from this scheme because of the orbital 
characteristics designed for the system. These characteristics (Figure 2-4) illustrate that there 
will be 14-9/16 orbits per day and adjacent paths will be covered either 7 or 9 days after coverage 
of the primary path. This difference should be kept in mind by all users. 

2.5 COMPARISON OF LANDSAT 4 WITH PREVIOUS LANDSATS 

The optical system for Landsat 4 was altered slightly, by design, to accommodate the desired cross- 
track coverage for the MSS. Other changes were also introduced that have been itemized by the 
document generated by the Hughes Aircraft Company (1982A). Table 2-1 contains a summary of 
some of these differences. Differences pertaining to vibration, mass properties, acceleration toler- 
ance, power distribution, the new command system interface, and the telemetry interface are 
described in detail in this Hughes report and will not be referenced further in this document because 
of lack of applicability to calibration. 

2.6 COMPARISON OF UNIT TEST DATA WITH GE THERMAL VACUUM DATA 

Direct comparisons of the Hughes and General Electric (GE) tests are not possible because of the 
difference in sequence between tests, the difference between reasons for tests, and the difference in 
configuration (i.e., unit tests versus total integrated system tests). One direct comparison is possible 
in the context of ensuring that no significant deviations occur. This comparison uses the sensor gain 
as measured through all orbits for each channel by both Hughes and GE. The plots are arranged so 
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Figure 2-4. Landsat-4 Orbit Oiaracteristics 




Table 2-1 

MSS Differences for Landsat 3 and Landsat 4 
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that the Hughes test data reside on the upper portion of the page and the GE data on the lower 
portion of the page. These results are presented in detail in Appendix A. 


MO 



SECTION 3 


MSS SPECTRAL CHARACTERIZATION 

3.1 OBJECTIVE 

This section summarizes the MSS spectral characterization work performed by Markham and Barker 
(1981). Their paper contains relative spectral response data for the Landsat-4 generation of Multi* 
spectral Scanners (MSS’s). Reference is made to the protoflight (PF) and flight (F) models through- 
out their tables of data, rhe PF model is currently in orbit as the Landsat-4 MSS sensor system. 

The F model is to be used in the future. The reader should therefore associate PF data with current 
capabilities and F data with future applications. In this paper, a comparison was made between 
simulated radiometric response for Landsat 4 and equivalent data for Landsats 1,2, and 3. 

Channel-by-channel (six channels per band) outputs for soil and soybean targets were simulated 
and compared within each band and between scanners. The primary objective of their study was to 
make available to the Landsat user community data on the spectral characteristics of these two sen- 
sors, including a characterization of the variability within and differences between the two new 
sensor systems. These data can be used by individual investigators to assess MSS data utility for 
each unique application. A second objective was to provide, through simulation, an estimate of the 
potential contribution of spectral differences between channels to within-band striping, often 
referred to as “spectral striping.” This should not be confused with radiometric striping, which is 
due to gain or offset differences between channels within a band. Since spectral striping cannot be 
removed by uniform radiometric calibration, it represents a fundamental limit to the ability to 
remove banding. 

Subsection 3.2 describes procedures used in this spectral analysis; subsection 3.3 presents some 
results obtained by Markham and Barker; subsection 3.4 compares Landsat-4 data with those from 
Landsats 1, 2, and 3; and subsection 3.5 presents some concluding remarks resulting from this com- 
parison. 
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3.2 PROCEDURE 


Relative spectral response (RSR) curves for each channel of the Landsat-4 series MSS’s (Hughes, 
1980, 1981a, and 1981b), as well as the MSS’s on Landsat 1, Landsat 2 (Norwood et at., 1972), 
and Landsat 3 (Felkel et al ., 1977), were digitized at 10-nm intervals for bands 1, 2, and 3 and at 
20-nm intervals for band 4. Data acquired in 1981 for the current MSS were used for this charac- 
terization. 

From the digitized curves, the following attributes were computed: 

• Lower bandedge (50 percent relative response point) 

• Upper bandedge (50 percent relative response point) 

• Lower edge slope interval (width between lower 5 and 50 percent response points) 

• Upper edge slope interval (width between upper 5 and 50 percent response points) 

• Spectral flatness (maximum positive and negative deviation from mean response in central 
70 percent of nominal bandpass) 

These five characteristics were considered appropriate to characterize the overall relative spectral 
response. In addition, bandwidth (bandedge to bandedge) was calculated. For each band, the band 
mean (the average value of the characteristic for the six channels in the band) and the band standard 
deviation were also calculated. 

3.3 RESULTS 

Data obtained by Markham and Barker are included for the protoflight MSS system, with the 
authors’ permission. Figure 3-1 shows the resultant output for one sensor of band 1 . Table 3-1 
gives measured cliannel-by-channel responses for the Landsat-4 system. Tables 3-2 through 3-6 
present data from which a comparison with other MSS sensors can be made. 

3.4 COMPARISON WITH PREVIOUS LANDSATS 

Both protoflight and flight MSS systems were studied. The spectral characterization results pre- 
sented in Tables 3-2 through 3-6 are summarized as follows: 
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Figure 3-1. Relative Spectral Response for an MSS Sensor 
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Table 3-2 

Spectral Characterization by Channel for the Landsat-4 MSS 



No filter specification 

‘fails to meet filter specification 

Rejectable as outlier: or = 0.01 













































Table 3-3 

Characterization of Landsat-4 MSS (Band* 1 ) and Comparison 
with Landsats 1 , 2, and 3 
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Table 3-4 

Characterization of Landsat-4 MSS (Band 2) and Comparison 
with Landsats 1 , 2, and 3 
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Table 3-5 

Characterization of Landsat-4 MSS (Band 3) and Comparison 
with Landsats 1, 2, and 3 
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of PF measurements. 




Table 3-6 

Characterization of Landsat-4 MSS (Bund 4) and Comparison 
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Boxes indicate cti icteristtcs where differences between F(* or V and alt previous scanners (t » 2, 3) were greater than differences between two sets 
of PI' measurements. 




Band 1 : No outliers, relative spectral responses meet all filter specifications except flatness 
(Table 3*2). 

Band 2 : PF channel 7 upper bandedge is 1 2 nm higher than the average of the other PF chan- 
nels and is rejectable as an outlier; responses meet all filter specifications except flat- 
ness (Table 3-3). 

Band 3 : No outliers, all channels are slightly wide (2 to 4 nm) to the long wavelength side, 
otherwise responses meet filter specifications. 

Band 4: No outlieis, but upper bandedge varies by as much as 42 nm, resulting in width varia- 
tions of up to 20 percent: system response upper half-power points below filter specifi- 
cations due to silicon photodiode detector response; and response flatness consider- 
ably below filter specifications (Table 3-5 ). 

3.5 CONCLUSIONS 

The two Landsat-4 scanners are nearly ident-cal in mean spectral response; however, some dif- 
ference from previous MSS systems was found. Principal differences between the spectral re- 
sponses of the Landsat-4 scanners and previous systems are itemized as follows: 

• A mean upper bandedge in the green band of 606 nm was observed for Landsat 4 as 
compared with previous means of 593 to 598 nm. 

• An average upper bandedge of 697 nm in the red band was observed for Landsat 4 as 
compared with previous averages of 701 to 7 10 nn». 

• An average bandpass for the first near-infrared band of 702 to 814 nm was found for 
Landsat 4 compared with a range of 693 to 793 nm to 697 to 802 nm for previous 
scanners. 

These differences resulted in the simulated Landsat-4 scahner outputs being 3 to 10 percent lower 
in the red band and 3 to 1 1 percent higher in the first near-infrared band than previous scanners 
when viewing a soybean target. Otherwise, outputs from soil and soybean targets were little 
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affected. The landsat-4 scanners generally appear to be more uniform in both channel-to-channel 
and band-to-band responses than previous scanners. 
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PRELAUNCH MSS SENSOR RADIOMETRIC CHAR \CTERIZATION 


4.1 INTRODUCTION 

This section introduces the reader to the calibration procedures performed on the Landsai-4 MSS 
instrument during prelaunch activities. 


Radiometric calibration converts output voltage from the MSS photodetectors into digital values 
that represent input radiance. This is accomplished by using the voltage-radiance characteristics of 
each detector. Detector characteristics are monitored and updated using an internal calibration sys- 
tem. The MSS internal calibration system consists of a wedge density filter between a calibration 
lamp and the detectors. The internal calibration lamp, which is used as a reference, is calibrated 
prelaunch using a GSFC 76-cm integrating sphere. This integrating sphere is the primary standard 
for the radiometric calibration of the MSS. The objective of the prelaunch MSS radiometric calibra- 
tion using this sphere is to establish the reference light levels of the internal calibrator lamp for all 
channels (detectors) in the four bands. 


There are several radiance levels (illumination intensities) associated with the integrating sphere, 
which corresponds to different numbers of lamps, that are turned on within it. In a typical calibra- 
tion experiment in the laboratory, the MSS is exposed to different intensities (radiances) from the 
sphere. For each output radiance level, Rj, ci the integrating sphere, the MSS registers a digital count, 
V jt that is obtained as an average over several mirror sweeps. During retrace motion of alternate scans 
(Figure 4-1), the shutter wheel within the scan mirror assembly is used to transmit light from the 
internal lamp through a graded density filter. This produces a wedge-shaped signal from the intei.ial 
lamp. Because of hysteresis effects, detector readings for any given word location on the wedge will 
be different, corresponding to different radiance levels from the integrating sphere. Figure 4-2 con- 
ceptually shows how detector readings, Q a , corresponding to internal lamp wedge word location, i. 
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for different integrating sphere radiance levels, j, may change due to hysteresis. Similarly, the digital 
readings V. for the sphere radiance levels are also affected by hysteresis. 

During calibration analysis in the laboratory, corrections to hysteresis effects are made to V.’s to 
obtain adjusted, digital values, VAj, for each radiance level R^. A linear transformation between 
VAj and Rj is then assumed. Using the coefficients of this transformation (which are evaluated), 
the radiance, Rj, at the internal lamp wedge word locations is calculated. Radiance values corre- 
sponding to six preselected word locations on this wedge are then used to compute the gain and off- 
set of the detector. Details of this procedure are presented as six distinct steps in the following 
section. 

4.2 CALIBRATION PROCEDURE 

The entire calibration process involves the following steps for each detector of each band. 

STEP 1 : Determination of Equivalent Radiance of the Integrating Sphere 

The integrating sphere was calibrated at CSFC using a grating spectroradiometer, by comparing the 
output from the sphere with that of a standard of spectral irradiance (Reference HS 248-5660-3-1 ). 
The integrating sphere uses tungsten lamps that are not spectrally flat. The equivalent spectrally 
fiat radiance of the integrating sphere must therefore be determined independently for each detector 
within a band. The equivalent spectrally flat radiance of the integrating sphere for any detector is 
determined from 


R». - BW, 


/. 


RW.RSR^ 


jk “”k * 

J B 


RSR k d x 


(4-1) 
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i where 

R jk = equivalent spectrally flat emittance for integrating sphere level j (mW/cm 1 sr) for 
detector k 

BW fc * bandwidth of detector k at 50 percent of peak value 

RWj = spectral radiant emittance of the integrating sphere for level j (mW/cm 2 n sr). A 
plot of RWj versus wavelength is shown in Figure 4-3. 

RSR k * relative spectral response of detector k (dimensionless) 

STEP 2 : Selection of Calibration Wedge Words for Each Band 

During the retrace interval of alternate scans, a shutter wheel closes off the optical system’s view 
of the scene. At this time, light from an internal lamp is projected into the sensor through a graded 
density filter that resides on the shutter wheel. This produces a unique wedge-shaped video data 
stream at each detector. The detector responses at six word locations on this calibration wedge 
are selected to represent sample video data from the internal lamp. These word counts are refer- 
enced to the first sample on the leading edge greater than level 32 (see Figure 4-4). The particular 
word locations are selected on the basis of the following factors: 

• Temperature Effects-Detector gains and offset are a function of temperature. 

• Detector Aging-Previous detectors have experienced long-term drift effects, particularly 
for Landsat 1, channel 13. 

• Hysteresis-Detector gain changes as a function of incident radiance. 

• Vacuum -Detector gain and offset shift somewhat when the MSS is introduced to the 
vacuum conditions of space. 

STEP 3: Adjustment of Integrating Sphere Video Levels 

As the system is run through a sequence of radiance levels R. from the sphere, average video 
digital counts V. corresponding to a radiance level R. (as seen in the scene) must be adjusted to 
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compensate for the effects of detector hysteresis. If Q tj is the calibration wedge digital count for 
the ith calibration word location, corresponding to the jth radiance ievel f r om the sphere, then 

Q, - 7 E < 4 - 2) 

° J-l 

is the average wedge digital count for wedge word location i. Assuming a linear relationship between 
Q, and Qj., 


Qa - >, - b, Q, «•» 

It should be noted that GE used 14 word locations (i = 1 ... 14) on the internal lamp wedge and 9 
radiance levels (j = 1 ... 9) from the integrating sphere. 

Summing overall word locations (i) for a given level (j) produces 

m m 

Z % * ma i + b ] Z Qi (4-4) 

i-I i»l 

Equation (4-3), when multiplied by Qj and summed over i, yields 

m tn re 

Z Qi % s », Z 5 + b j Z ( Qi )J (4-5) 

1*1 >1 {■! 

Equations (4-4) and (4-5) are solved simultaneously for a } and b.. 

This produces 
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It should be noted that since the coefficients a, and b, connect individual Q^’s with the average 
Q,. b, should be near unity and a, should be very small. The coefficients a, and b, can now be used 
to adjust the integrating sphere video digital values V, to correct for hysteresis effects. 


a, ♦ b, VA, 




STEP 4: Equivalent Radiance (R,) Values at Wedge Word Locations 


.Assume that a linear relationship exists between adjusted video digital count VA, and the corre- 
sponding radiance level R, of the sphere. Or. 

VA, - p + q Rj (4-d) 


The values p and q are solved by a least-squares fit (as before for a, and b, ) of the data sequence 
over j. Assunung that these detector transfer coefficients apply to the calibration lamp, an equiva- 
lent calibration lamp radiance can be calculated for each of 14 wedge-word location i from 


*» 



(4-10) 


STEP 5 Calibration Coefficients C, and D, 

From the 14 radiance values computed in equation (4-10). six radiance values corresponding to pre- 
viously prescribed word locations are chosen, and a new linear relationship is assumed between 
these six radiance values and the corresponding average wedge digital counts 0, 
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These are the calibration coefficients. 

It should be noted that all the foregoing computations are performed to produce six Cj’s and D.’s 
for each channel of every band (Figure 4-5). 

STEP 6: Sensor Transformation Equation 

Since the six detectors of a given band have different gains and offsets, the detectors may saturate 
at different input radiance levels. Similarly, zero digital values may result at different low-input 
radiance for different detectors. This will cause striping. To eliminate striping, each detector 
response for the set of six detectors in a band is mapped to a common band calibration curve. To 
achieve this, first identify the detector that saturates first. Let R mtx be the radiance value slightly 
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lower than the lowest incident radiance that saturates this detector. Let R min be the radiance 
slightly higher (chosen from experience to be 10 percent higher) than the highest value of input 
radiance that produces zero output from one detector. Let (typically 127 for the logarithmi- 
cally 'ompressed modes for bands l, 2, and 3) be the maximum digits' count from the detectors 
(after decompression). Let R be apparent input scene radiance and V o be the actual observed video 
digital count corresponding to R. Then, the corrected video digital count V c corresi riding to in- 
put R is given by 
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From equation (4-1 1 ), V o r.nd R arc related by the equation 


V o * a + 0 R 
or 


(4-12) 


R “T (V ° ' a) 

Substituting in equation (4-1 2). 



(4-13) 


(4-14) 


Equation (4-14) maps all six detectors to one straight line defined by the points ( R mjn • o) and 
(R mtx , ' n (R. V) plane. Equation (4-14) can be rearranged to read 
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New regression coefficients can be defined as 
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These are modified regression coefficients used postiaunch. 

It should be noted that the scanner subsystem contains two lamps: primary and secondary. Cali- 
bration procedures described are performed for both the lamps. However, during flight operations, 
the secondary lamp is used only when major problems with the primary lamp are observed. 

For bands 1 through 3, commutated samples of video are normally directed to a logarithmic signal 
compression amplifier and then to the encoder. No signal compression is performed on band 4. A 
high-gain mode can i!so be applied to band 1 and 2 voltages before analog-to-digital conversion. 
Calibration coefficients, C[ and D[, are therefore obtained for the low-gain compressed mode for 
bands 1 through 3, linear quantized mode for band 4, and high-gain compressed mode for bands 1 
and 2. 
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SECTION 5 

POSTLAUNCH MSS RADIOMETRIC PROCESSING 


5.1 INTRODUCTION 

Radiometric correction consists of a prelaunch and a postlaunch part, in the prelaunch part, as 
described in Section 4. the internal calit ration lamps are calibrated using an integrating sphere with 
known radiance values. Regression coet'icents (C[ and D[) are derived that are used in computing 
postlaunch voltage (digital counts) radiance curves. Postlaunch radiometric processing involves 
determining the video count-radiance curves tor each detector using the calibration lamp data 
either alone or in combination with the scene content data. The final result is a Radiometric 
Lookup Table (RLl'T) that allows a radiance value to be assigned to each detector reading. Com- 
puting and applying the RLUT values to produce imagery constitute the MSS radiometric correc- 
tion. 

The steps m 'lie process are shown in Figure 5-1 . The detectors are exposed to the internal 
calibration lamp every other sweep. During each calibration, the internal lamp radiance is modified 
by a neutral density filter producing a variation from full radiance to aero. At six prechosen calibra- 
tion wedge word locations, the detector output is sampled. The digital counts combined with pre- 
launch regression coefficients determine the slope (i.e.. gam) and bias (offset) for a linear detector 
output versus radiance relationship. This calibration is performed for each segment of a scene at a 
time. Note that at present it has been decided that each MSS scene will be divided into four seg- 
ments for calibration procedures. The internal calibration could be used dtrectlv to produce 
RLL’T's. However, there will be some residual emir in the internal calibration procedure that will 
result in residual striping. An additional calibration, referred to as scene content or histogram 
calibration, is applied to improve the RLUT’s. This scene segment calibration methodology differs 
from the scan-ln-scan calibration scheme used for laiulsats 2 and 3 
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During each forward scan of the mirror (in-flight), approximately 3000 6-bit samples are taken from 
each detector- In every other scan during the retrace part of the mirror, six calibration wedge values 
(from the internal lamp) for each detector are measured. The detector output for bands 1, 2, and 3 
is normally compressed (logarithmically amplified) before sampling. During ground processing, the 
6-bit digital samples are decompressed to 7 bits (0 to 127) using decompression tables established 
during the prelaunch calibration. Band 4 is always 6-bit linear and is expanded to 7 bits for display 
during ground processing. 

Radiometric correction is achieved in two steps: (1) radiometric correction using calibration wedge 
data only and (2) radiometric correction using scene content. 


5.2.1 RADIOMETRIC CORRECTION USING CALIBRATION WEDGE DATA 
First, the scenes are divided into either one, two, four, or eight (usually four) image segments per 
scene. For a given segment, each of the six calibration wedge values for each detector is averaged 
over the segment. Using these average values and the prelaunch linear regression coefficients O' and 
D', initial values of the gain G and offset B for each detector are calculated: 


G = 


E 


D' V. 

1 l 


( 5 - 1 ) 


B = 



( 5 - 2 ) 


where Vj is the average value of calibration wedge data. An RLUT that converts output digital 
samples to estimated radiance samples (for an N-level display) is then generated: 


• RLUT (i) = (i— 1— B)/G for 1 < i < N 


( 5 - 3 ) 
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and rounded off to the nearest integer. Here N = 127. The lookup table must now be truncated 
for the following reason: It may occur that the detector’s saturation output sample value cor.-- 
sponds to a radiance value less than 1 27. Then, the imagery will appear striped in high*radiance 
areas. Similarly, it may occur that some detector's zero output sample value may correspond to a 
radiance value greater than zero. In that case, the imagery will appear striped in low-radiance areas. 
To avoid this striping, the lookup table must be truncated to display the imagery over a common 
radiance range. Some residual striping will still remain due to nonlinearities, quantization, hystere- 
sis, or calibration source variation, etc. The lookup table can nc v be adjusted using scene content 
on the following assumption: over a “large enough” segment of the imagery, each detector statisti- 
cally sees the same distribution of radiance. 

5.2.2 RADIOMETRIC CORRECTION USING SCENE CONTENT 

For a given image segment, the observed statistics of a detector’s digital output are contained in 
the sample histogram Vh (i, j). This histogram is the number of occurrences of the digital sample 
(i - 1 ) for the jth detector over the entire image segment. It has been suggested by GE that it is not 
necessary to use every sample from the detector to generate this histogram. In a test case with 
Landsat-3 data, GE found that no performance degradation was noted even for histograms gen- 
erated from as few as every sixteenth sample. This sample reduction for histogram generation has 
obvious benefits for high-speed processing. 


Using the lookup table discussed above (equation (5-3)), an estimated input radiance histogram rh 
(i, j) can be generated for each detector in a band. The histograms for the detectors are again trun- 
cated to a common radiance range. The next step is to compute an average radiance histogram for 
a band from the input radiance histograms of the six detectors in the band 


rR (i) 



rh (i. j) 


(5-4) 
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To remove striping, the following algorithm can be used: 

a. Equalization of Average and Standard Deviation- In the following, the indexe i and j will 
be suppressed, remembering that calculations for the new gain and offset refer to an indivi- 
dual detector. Let 

r * truncated input radiance histogram for the jth detector 
z * average of the six histograms for a band as defined in equation (5-41 

Now demand that 

z » g • r + b 

Parameters g and b are obtained by equating the mean and standard deviation of both sides 
of this equation. Therefore, 


Avg (zl * Avg (g * r + bl * 

g • [Avg (rll + b 

(5-61 

Var (z) - Var (g * r + bj 

* r • Var (r) 

(5-71 
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or 

Std (zl » g * Std (rl 


(5-8) 


so that 


g » Std (zl/Std (rl 
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b * Avg u> - g Avg (r) 


(5-101 


Here, Avg, Var. and Std refer to average, variance, and standard deviation. 
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The calculated values of g and b can now be used to compute the new gain G' and offset B' 
for the jth detector. The radiance values r corresponding to digital outputs from the jth 
detector are obtained from 


r * (V-B)/G (5-11) 

where G and B have been calculated from the calibration wedge data and the regression 
coefficients Cj and Dj. Now 

z»g*r + b*g* l(V-B)/G] + b 

z * (V-B')/G' (5-12) 

where G' and B f are the scene-adjusted gain and offset for the jth detector given by 

G> * G/g (5-13) 

B' * B - b * G' 

With this new gain and offset, the procedure of deriving a lookup table and obtaining trun- 
cated, estimated input radiance can be iterated. Because of integer lookup-table roundoff 
and common radiance range truncation, the average and. standard deviations of the updated 
estimated input radiance histograms do not generally equal that of the origi: d average 
histogram. The destriping can be improved by iterating (as shown in the schematic dia- 
gram of Figure 5-2) the scene content correction. 

For illustration purposes, calculation for Avg, Var, and Std for r will now be shown. Let 
r * rh (.i, j) = truncated estimated input radiance for the jth detector 


Then 

sum (j) = number of pixel samples from the jth detector 
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N 

T"! (i - 1) rh (i, j)/Sum 0) 

i-1 

N 

71 [i - 1 - Avg 0)1 2 rh (i, j)/Sum 0) 


Std (r) =>/ Vax (j) 


b. Image Segment Blending- lt has been previously mentioned that each scene is divided into 
several segments. When viewing the displayed imagery, there should be no evident radiance 
level discontinuities between segments (i.e., the imagery should blend evenly with those of 
the adjacent image segments). To blend the imagery from adjacent image segments, each 
segment is divided into subsegments, and lookup tables for these subsegments are com- 
puted by interpolating the gains and offsets between image segments. The interpolation 
uses a weighted average of the segment gains and biases to compute gains and biases for the 
boundary subsegments. An example o f interpolating gain and bias in the case of three sub- 
segments per processing segment is shown in Figure 5-3. 

5.3 DETECTOR GAIN AND OFFSET UPDATE 

For any given band, the gains and offsets of detectors can have too much of a spread between them. 
A method is then needed to adjust the calibration equations to achieve reduced striping. The 
method used introduces multiplicative and additive modifiers (M and A) in the equation for the cor- 
rected digital value derived in subsection 4.2. In subsection 4.2, the corrected digital value has been 
shown to be (equation (4-15)) 





Figure 5-3. Scene Segment Blending 
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where $ and a' are gain and offset, and V o is the uncorrected digital value. V m#x * 127. The 
modifiers M and A are introduced in the foregoing equation to make it read as 


V' 



-o') 


A 



(>-14) 


To find M and A, a detector’s mean radiance (over a flat radiance region) is plotted against the 
band mean radiance for several radiance levels. Linear regression yields a slope m and an offset 
a for each detector mean radiance (V c ) d#t as a function of the band mean radiance (V c ) btnd 


(V ) « u ( v ) + a va-iJJ 

vV c ; d«t MV v c ; b«ad 

The goal is to have the detectors in the band calibrated so that they all yield the band mean value 
when exposed to a flat radiance level. Therefore, the adjusted radiance, (V c ) d#t , is given by 


( V cC - (Vi 


band 


(Vd.t-« _ (Vd., _ _a 

M MM 


(5*16) 


Comparing this equation with equation (5-14), it can be seen that 


a 

M ■ m and k = — 

M 


The calculated values of M and A are stored in a file. By using these modifiers, the corrected 
digital count for each detector is (^ c ) det - If. at a later time, significant striping occurs, then the 
M and A for the detector will have to be updated by iterating the above procedure. For this 
second time, (V.)' acts as the old (before correction by M and A) ( v c ) def . and it can be written 
for the second iteration 


(V )" 

v c'd« 


(V'd 


d«t 


(5-17) 
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where y' and a ' arc the new slope and offset, y! and o' can again be determined by regression 
analysis as before, and the updated M' and A' can be shown to be 


M' * y! M 



In general, it can be shown that for subsequent iterations 

^1*1 * ^1 

A|fl ” 1 + 

This update is intended as a long-term improvement. In contrast, scene content correction relates 
only to a specific scene segment. Ptesumably updating M and A will remove detector response 
changes before the scene content correction. 


5.4 R AND R to UPDATE 

m ix mu 


The modifiers M and A can also be used to update the values of R mlx and R mjn discussed in sub- 
section 4.2, equation (4-12). Using modifiers M and A, the corrected digital value has been 
shown to be 


v ; - w < v - - a,) - A 


(5-18) 


If Rj ngx and are the adjusted cutoff values of the radiance*, then analogous to equation 
(4-12) can be written 


V ,o.x (R-R'min) 
D' _ D' 


(5-15l 
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R 


V 

o 


-a 
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It should be noted that V o is the uncorrected digital count and and a are the uncorrected gain 
and offset. Substituting these in equation (5-19) yields 


V 


v „.x (V 
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Now 
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Substituting for a and j3 from this equation in equation (.5-20 > yields 


R nUn~ R min 


V (V -cr') 

, max v o 
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Comparing with equation (5-18), it can be written 


M 


O' _ D' 

mtx min 

R max“ R mtn 


A - V ( Rm ‘'~ R "» \ 

*“ - R „J 


Knowing M and A. R' and R' . can now be so'ved. This process can be iterated just as M 

c mix m in 

and A are updated througn an iterative process. 
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SECTION 6 


LANDSAT-4 IMAGE PROCESSING DATA 

6.1 IMAGE PROCESSING PARAMETER FILES 

Data to be discussed in this section include all parameters used in the MSS Image Processing Sys- 
tem (MIPS) and carried in either long- or short-term files. Some of these data are unique to the 
radiometric response of the sensor. Others are required to gain a more complete understanding 
of the total MSS image processing scheme used by the Landsat-4 ground data production system. 

6.2 SHORT -TERM PARAMETER FILE 

The first data set is labeled “Active Detector Status.” These data (refer to Table 6-1) carry the 
nominal calibration values used for MSS radiometry for each sensor. Furthermore, data have 
been presented for each mode of sensor operation using both the primary calibration lamp 
(lamp A) and the secondary lamp (lamp B). 

Reference to the table can best be illustrated by example. The top row of the table contains six 
nominal calibration data values for each detector of band 1 when used in the high-gain, linear 
mode of operation while viewing lamp A. It should be noted, for example, that the numbers can 
be rearranged as follows: 


Detector 1 

42 

40 

38 

35 

0 


Detector 2 

42 

39 

38 

35 

4m 


Detector 3 

43 

41 

39 

37 



Detector 4 

43 

41 

38 

36 



Detector 5 

41 

39 

37 

33 



Detector 6 

42 

40 

38 

36 

2 

-> 


During radiometric data processing, these tables are referenced. When processing band-1 data in 
the high-gain, linear mode, the six dynamic calibration values acquired for each of the first band’s 
detectors are compared against this table. If, for example, band 1 sensor 1 has a dynamic calibra- 
tion response in excess of either of the numbers 42. 40, 38, 35, 2, or 2 by more than six levels. 
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I • OF POOR QU4UTY 

the system wilTdeffcult to the nominal value. Using data in this table, the nominal response for 

every mode of sensor operation can be applied during routine MSS data processing operations. 

6.3 CALIBRATION MODIFIERS 

As the system ages, it is expected that some degradation in apparent sensor response will occur. 
This can be due either to sensor electronics, variation in output from the calibration lamp, or a 
combination of factors of this type. The result can be a pronounced video striping effect. Rather 
than recalibrating with mathematical procedures developed for prelaunch data, NASA has deter- 
mined, using Landsats 1,2, and 3, that calibration modifiers for both gain and offset parameters 
can be derived that significantly reduce visual striping. Before launch, the following relationship 
is used: 

<VO-A 

where 


M = 

l 

A = 

0 

[V] = 

output digital level 

V = 

o 

sensor voltage 

(f = 

sensor gain factor 

a » 

sensor offset factor 


Postlaunch studies generate new values of M and A to minimize striping effects. Data of this type 
are carried in a dated tile. The information presented as Table 6-2 was current as of January 25, 
1983. At that time, values for M and A in the high-gain mode of operation were not available. 


6-3 



Table 6-2 

Multiplicative Modifier.* (M) and Additive Modifiers (A) Currently Used in MIPS 
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Table 6-3 contains the next data set in the sequence carried in the short-term parameter file. For 
ease of presentation, these MSS Archive Generation (MAG) records have been merged into a 
single table. This data set is self-explanatory. Throughout the table, the following acronyms 
have been used: 


ECC 

Error Correction Count 

CPN 

Control Point Neighborhood 

CP 

Control Point 

RLUT 

Radiometric Lookup Table 

R/C 

Radiometric Correction 

CC 

Cubic Convolution 

CPLB 

Control Point Library Build 

GCP 

Geodetic Control Point 

MACS 

MSS Attitude Correction System 

VRS 

Vertical Resampling 

SOM 

Space Oblique Mercator 

UTM 

Universal Transverse Mercator 

PS 

Polar Stereographic 

S/C 

Spacecraft 

HRS 

Horizontal Resampling 


6.4 LONG-TERM PARAMETER FILE 

The long-term parameter file contain' five unique records. Table 6-4 contains MIPS parameters 
relating 'o repeat performance and data processing required for day-to-day image generation. 
Table 6-5 contains decompression tables for radiometry for bands 1,2, and 3. Using band 1 as 
an example. Table 6-6 has been constructed from Table 6-5 to illustrate how the 64 multiplexer 
(mux) levels transmitted to the ground stations are expanded to produce data on the 0 to 127 
scale. 
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MAC PARAHgTt'RS RECORD 


Table 6-3 

MIPS Parameters Record 






(ICO RECORD! MAG-PAW1) 

Sv«cr.r«Y ecc ti^-’smold 

a 

FRAHFS 

OUTPUT ECC IIIHESIIULD 

2 

FHAMLS 

INGEST HI NOR FRAN f SYNCH LOSS THRESHOLD 
fHGf.ST MISSING SwtEP THRESHOLD 

401 

100 

SWEEPS 

MAXIMUM SimSTITUTED LINES PER SCENE 

2400 

LIMPS 

TIKE INTERVAL TO COLLECT ECC COUNTS 

0« SOOOOOOEtO 1 

SECONDS 

CPN LXNF SUE 

120 

LINES 

CPN PIXEL SIZE 

12B 

PIXELS 

MAXIMUM StIBS I TUTEO LIMES IN CPN 

0 

LIMES 

CPN CLOUO COVER LO.JER RADIANCE PERCENTAGE 
CPN CLOUO COVER U**»ER RADIANCE PERCENTAGE 
CP CORA. PEAK HEIGHT TO '*€AM ACCEPTANCE CRITERIA 

O.OOOOOOOFfOO 
O.OOOOOOOEtOO 
0* 3000000E*01 

srnvA 

CP CORR* SEC. PEAR height ACCEPTANCE criteria 

0*2000009 V *01 

SIGMA 

CP COMA* SHIUMXM. LOCATIOM ACrF.PTA»*CE CfflTFHIA 

o.soooouo*. ♦ orti 

PIXELS 


CP CORR. AT EDGE OF CP« ACCEPTANCE CRITERIA 
CP 0U1CK REG* CP CENTERED IN CPN CRITERIA 

CP PRCFiLtra outlier criteria 

FILTER OUTMER CRITERIA 

RLUT SEGMENTS PER SCENE 

*WIT SUBSEGMENTS PER SCENE 

R/C If ISTOGITAH SWEEP SUfiSAMPLE RATIO 

R/C HISTOGRAM PIXEL SU6SAMPLC RATIO 

MAXIMUM HUNGER OF CAL KEDGE substitutions 

I or SWTEPS TO INGEST to account for pcs error 
MAXIMUM ALLOWABLE LI»C LENGTH ERROR 


HIGH 

THRESHOLD 

FOR 

CC CRHAtf. At.CO.. 

dano 


LOW 

THRESHOLD 

FOR 

cc oniAM. r.uco , 

BA WO 


HIGH 

THRESHOLD 

FOR 

CC SHIIAK. ALGO 

n A NO 

2 

LOW 

THRESHOLD 

FOR 

CC CHIt A fi . ALGO.. 

. a n 


HTGil 

THRESHOLD 

'-OR 

CC SSHA U. ALGO.. 

BAND 


LOW 

THRESHOLD 

rcn 

CC SUHAtt. ALGO., 

BAND 


HIGH 

THRE5HCL0 

FOR 

CC eUHAU. ALGO.. 

qamo 


LOW 

THRESHOLD 

FOR 

CC CUKAH. ALGO.. 

BAND 


HIGH 

THRESHOLD 

FOR 

CC CALC. ALGO., 

BAND 


LOW 

THRESHOLD 

FOR 

CC CALC. ALGO.. 

BAND 


HIGH 

THRESHOLD 

FOR 

CC CALC. ALCO.. 

BACO 


LOW 

THRESHOLD 

FOR 

CC CALC. ALGO.. 

8 AMO 


HIGH 

THRESHOLD 

FOR 

CC CALC. ALGO.. 

ba«d 


LOW 

THRESHOLD 

FOR 

CC CALC. ALCO. . 

8 AMD 


HIGH 

THRESHOLD 

FOR 

CC CALC. ALCO.. 

BANG 


LOW 

THRESHOLD 

FOR 

CC CALC. ALCO.. 

BAND 


HIGH 

THRESHOLD 

FOR 

CC REJECTION 



X VARIANCE OF CP OT5LOCATION 



T VARIANCE OF CP DISLOCATION 



( iCD 

RECORD! MAC-PAR2) 



measurement of 

NOU 

5E MATRIX ELEMENT 

t 


MEASUREMENT OF 

HOIS 

1C MATRIX ELEMENT 

2 


HIGH 

THI'ESHOLO 

FOR 

COGS CHNANCKEPT. 

BANO 

1 

LOW 

THRESHOLD 

TOR 

EDGE ElIKAKCLCHT. 

SAND 

1 

HIGH 

THRESHOLD 

FOR 

edc;j chuahchkmt. 

9AN0 

2 

LOW 

THRESWH.O 

FOR 

EDGE EHWftrCMEflT* 

BAMO 

2 

HIGH 

THRESHOLD 

tor 

EDGE CIIUANCNVNT * 

band 

3 

LOW 

THRESHOLD 

FOR 

EOGZ EHKAMCMEHT. 

BANO 

3 

HIGH 

THRESHOLD 

FOR 

EDGE EHNAHCUrNT. 

BAND 

4 

LOW 

THRESHOLD 

FOR 

EDGE CHNANCNEHT* 

BAND 

4 


LOW THRESHOLD FOR CHIP A NCI CUE OR II COO CORR. 
LOW THRESHOLD WOH-SUOS. REAL POINTS IN COnR, 
A PRIORI VARIANCE OF PITCH 
A PRIORI VAR I A MCE OF YAW 
A PRIORI V/OT ArrCE OF ROLL 
RADIAL OISVLACENEHT 
PITCH RATE 
ROLL RATE 


0« 5000000E + 0 1 
9.2000000E*02 
0.3000000E>0! 
0« 921 QQOOEtQ 1 
4 

3 

0* 1 QQOOOOE+Ql 

o.aooooootfoi 

1201 

4 
30 

0 

0 

0 

0 

0 

0 

0 

0 

100 

20 

too 

15 

100 

4 

100 

4 

0.5000000C+00 
0* 4900000C-02 
0.7056000E-02 


0*728000000 3 
0*7280Q00E-03 
100 
16 
1 00 
12 
100 
3 

100 

1 

0* lOOOOOOEfOt 
0. OOOOCOOEtOO 
0.2600000E-05 
0.1000000C-05 
0*1 20C000E-05 
0, 1000000fc>Ql 
0 * 1 00 C 00OE* t l 
0* 1 OQOOOQE* 1 t 


PIXELS 

PIXELS 

SIGMA 


SWEEPS 

ptxcls 


QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

KM**2 


KM 4*2 



KM t*2 
KM**2 
QUANTUM 

LEVELS 

quantum 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

QUANTUM 

levels 

QUANTUM 

LEVELS 

QUANTUM 

LEVELS 

RAO**2 
RAD* * 2 
R AU**2 
KMC *2 

(RAO/SEC) • * 2 

(RAD/St*C)**2 
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Table 6-3 (Continued) 


fftft CPLH PARAMETERS RKCtlltO m#m 


(icti It KC OHO I CPLBPARM) 
riMI LINK size 
CPU pun. siz k 
CP link arte 
cp •mxel size 

CP ihpos ellipse acceptance carrirtA 
CP p» aa height acceptance criteria 

CP MC. PKAK HEIGHT ACCEPTANCE CRITERIA 


lit 

Hi 

n 

n 

0.460500CK01 
Q.SOQOOOftKtO! 
0. 20000004 401 


CP DEVIATION ACCEPTANCE CRITERIA 
CP CORN « SURFACE CURVATURE ACCEPTANCE CRITERIA 
CP SUr.PI irt, LOCATION ACCEPTANCE CRITERIA 
FILTER OUTLIER CRITERIA 

NURPFR OF CCPS liruuiRCO TO GENERATE SCPS 
CCO OUALI-. f ACCEPTANCE CRITERIA 
DIGITIZER CONS INTCNCT CniTCRIA 
VARIANCE OF CP DISLOCATION IL * 

VARIANCE OF CP DISLOCATION IN V 
MEASUREMENT OF NOISE MATRIX ELEMENT t 
MEASUREMENT OF NOISE MATRIX CLEMENT 2 
A PRIORI VARIANCE Or PITCH 
A PRIORI 7*ltlA3CE OF YAM 
A PRIORI VARIANCE OF ROLL 
RADIAL DISPLACEMENT 
PITCH RATE 
ROLL RATE 


1 

0 ♦ 0000 000 E ♦ 00 
0 » J 3QQ000C 1 00 
0.921 OOOOEtO 1 
0 

0.3000000001 

0 

0. 4900000C-02 
0.7056000E-02 
0.72300nOE>OJ 
0.7290000E-0! 
0.2600000 E -05 
0. t QOQOOOE-05 
0. 1 200000E-05 
0. lOOOOOOE *01 
0. 1000000C-1 1 
0.1000000E-1 1 


MM* PCPG PARAMETERS RECORD f*Mf 


C1CD RECORD t PCPCP ARM) 

SIZE OF X RESAMPLING OUFFER 
SIZE or Y RESAMPLING BUFFER 

MM* J/C AND INSTRUMENT RECQRO MM* 


(ICO RECORDS 5 /CL I NS I ) 

ROM INAL PITCH 
NOMINAL ROLL 
ROM INAL YAM 
PITCH ALIGNMENT 
POLL ALIGNMENT 
TAP ALIGNMENT 
MACS PITCH ALIGNMENT 
MACS ROLL ALIGNMENT 
MACS TAM ALIGNMENT 

I OF X BENCHMARKS (OUTPUT SPACE OR VRS) 

I Or Y BENCHMARKS (OUTPUT SPACE OR VRS) 

X BENCHMARK SPACING (OUTPUT SPACE OR VRS ) 

T BENCHMARK SPACIfC (OUTPUT SPACE OR VRS) 

SCALE FACTOR FOR SOM 

SCALE FACTOR TOP UTH 

SCALE FACTOR FOR PS 

HALF FRAME TIME 

TIME TO H1D3CAN 

MOMENT Or INERTtA Or MIRROR 

TORSIONAL CONSTANT OF MIRROR 

MSS MAUD SEPARATION (CANO 1) 

MSS BALD SEPARATION (CANO 2) 

MSG BAKU SEPARATION (RAf'O ) ) 

MSS BAUD SEPARATION (BAND 4) 

NOMINAL S/C VELOCITY 
NOMINAL GROUNO VELOCITY 


3540 

16 


o.oooooooc+oo 

o.ooooooos+oo 

O.OOOOOOOCtOO 

0.4702700003 

0.2860400E-02 

0.5478400E-03 

0.0000000000 

O.OOGOOOOE+OO 

0.0000000000 

01 

44 

0 « 6000000C + Q 2 
0 . 7000 0 OOLf 0 2 
0.1 000000 E 40 l 
0 • 999600 OEt 0 0 
0*1 OOOOOOC t 0 l 
0. 1 46 8 40QEf03 
0.1 6000 QOEt 0 2 
0.9100000 L -01 
0 . 2G60000E 4 0 2 
0 • OOOOOOOE ♦ 00 
0.1 95 0070 E 401 
0. JW 90V40E40l 
0 .50409J OFt 0 t 
0 . 7500000E t 0 1 
0 • 6750000F + 0 1 


(ICO RECORD I S/CCIKS2) 

I OF INPUT PIXELS BCT^EEN ALONG SCAN BENCHMARKS 
• Or INPUT LINKS BFTteCEN ALONG TRACK OEHCIIHAHKS 
t OF OUTPUT PIXELS ftTlv^FFN X PEMCUMARXS 
I DF OUTPUT LINFS BETWEEN VERTICAL BENCHMARKS 
OUTPUT rHEL SIZE 
ACTIvr SCAM TINP 


0 « 9 1 OC OQOF 1 02 
0.4Q0000OC40; 
0,*,000000l>02 
0, 7 U 0 0 G 0 0 F ♦ 0 2 
0. A700COnE-01 

n. 17100004 


LINKS 
flu l.s 

1. 1 N I.S 
PIXELS 


SIGMA 

SIGMA 


MM2 
MM 2 
KM**2 
KM* • 2 
HAD# *2 
RAO * • 2 
RAD* *2 
KN**2 

(RAD/SEC) • *2 
( H AU/SEC ) * * 2 


PIXELS 

LINES 


RADIANS 

RADIANS 

RADIANS 

RADIANS 

RADIANS 

RADIANS 

RADIANS 

RADIANS 

RADIANS 


PIXELS 

PIXELS 


MSECS 

MSECS 

IU*LH*SFC**2 

1 N 9 LI)/ It AO 

PIXELS 

PIXELS 

PIXELS 

PIXCLS 

KH/5KCS 

KM/SECS 


PIXELS 
LINES 
P f ILLS 
LINES 
KM 

SKCUNDS 
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NOMINAL TIME BETWEEN SwF|P S T ARTS 
M I DSC AH p.PUT PIXEL VALUE 

I nr on«nm pixels tu l:;ft or image trane 
output pixel MiMiirn r or right op. *»:r 
innit pi xr’. me. or thc r.crt jveri.ap marks 
input p;xkl loc. or the ***“ht overlap marks 
input Mki hunri;m or lumen overlap marks 
in huy uvir numher or upper overlap marks 
i nr output lues xnnvc mi image ritAMC 
i or oast line nr the erase 

MAXIMUM AUSOLUTr; VALUE Of HRS J OirMTRENCE 
MAXIMUM AOSOLUTE VALUE UP NM 5 -X DIFFERENCE 
MAXIMUM ABSOLUTE VAMIC Or VRS-T OirTERCUCC 
MAXIMUM ABSOLUTE VALUE nr YUS-X OlFFCKCKCE 

mc am value or ms j difference 
mean taluc nr ms x difference 

MEAN VALUE Of /RS T DIFFERENCE 

MEAN VALUE or VRS X DIFFERENCE 

COORDINATE or SCENE CENTER tM HRS CR 10 

COORD I NATE or SCENE CENTER IN VRS CHID 

TIME OTTur.CN PI ILLS 

TIME nCTMEKN S/C EPHENER t S POINTS 

TIME PETWEEN S/C ATTITUDE POINTS 

MO. nr SWEEPS PRIOR TO SC. CENTER IN USEFUL DATA 
MOM I UAL SCAN LIME AT SCENE CENTER (NAOIRL1UE) 

(icn Rrconot s/clsens) 

NOMINAL PIXELS PER INPUT LI -C 

« or INPUT LINES IN PARTI ALLY PROCESSED IMAGE 

NOMINSL SCALE 07* INPUT lUTCR-PIXEL 01 STANCE 

NOMINAL SC.M.C or :v?UT IIITER-LIKS DISTANCE 

I or PIXCLS/OUTPUT Ll'.T nr FULLY PROCESSED IMAGE 

( or LINES PER FULLY PROCESSED IMAGE 

SCALL Or FULL * PROCESSED IUTER-PIXFL DISTANCE 

SCALE OF EULLT PRQCCDSCQ IMTCR-LIHE DISTANCE 

NOMINAL SPACCCR ITT ALTITUDE 

NOMINAL I»:PUT SNA III l.TUTH 

MSS IflRrriN »:OOEL COEFFICIENT AO 

RSS »?T-NOfT »*OOEL COTSTTCltUT A| 

KCS MlRnnw MUOEL COEFFICIENT A 2 
Nt: MIRROR ‘IQDEL COEfriCIEUT AS 
MAXIMUM MIRROR ANCLE 
S^XN SKEW CONSTANT 
TIME UCTVCrw SUCCFSSI7E SWEEPS 
TIME r Of! ACTIVE PORTION Or MIRROR SWEEP 
SEMI -MAJOR AXIS UF EARTH ( l NT* SPHEROID) 
SEMl*Mir.'OR KXIS Of EARTH ( l NT • SPHEROID) 

CARTU CURVATURE CONSTANT 


0.734?n0<u>01 

SEC OH OS 

0. 1620500*: t04 


0.0000900e«00 

PIXELS 

0. JS4P0O"K»04 

PIXELS 

»O.2OOC0OO£tO2 


0 3 20U0U0L v 0 4 


0.2107000 1: *04 


0.20 JOQOOE ♦ 0 ) 


O.OOOOOOOEtOO 

LINES 

0 • 290 3000E* 04 


0. 1 20000RF *00 


O.t IOOOOOCiOI 


O.760C0OiH:tOO 


0. 1200000E-01 


0 * 40OOOOOE*O2 


D • 6000000F + 02 


0.7000000F+02 


0.4000000£*02 


0.3055000C402 


0. 2230000 fc>02 


0.9958000E-05 

SECQ-IOG 

0.2041000 F *01 

SECONDS 

0.51 20000000 

SECONDS 

104 


0.1203500C404 


1240 

PIXELS 

2400 

LINES 

0.5700000E40T 

NCTCPS 

0 • S27OOOOE+02 

METERS 

3248 

PIXELS 

2983 

LINES 

0 • 5700000C*02 

METERS 

0.5700000002 

KETERS 

0.70$3OOOCtO0 

METERS 

1 050 00 

METERS 

0.2333900C400 


0.1749900Ct02 

RAO/SECS 

O.1015OCOOO2 

MSECS 

O.995C0OOC-O2 

MSECS 

0.1299C0CEt00 

RADIAL'S 

0. 1 3b 1 350C-02 

RADIANS 

0.7342000001 

SECONDS 

o.323onoor.-oi 

SECONDS 

0. 6378 380£*O4 

K MS 

0.635691 2C* 0 4 

(INS 


0.11031 SC* 1 2 


(I CD RTCORO t SDDO 

RSS SAMPLING DELAYS TOR DETECTORS I THRU ?< (PlXCLS)l 

•O.TTTCCObf^Ol *0.2$03GL5E*01 -0 . 70 005 ?5FfO 1 -0 . 2960 3Q5E *0 1 -0 . 2 04 0? 45F *0 \ -0 . M 3 0 1 05 F ♦ 0 l 

**0 • 2720C05E40 I *0 . 2000*6 5t ♦ 0 l -0 . 2 Q 005 75 FiO I -0 . 296 0 1 00 C + 0 l •0.3U' D2I5F+01 -0 . 3 t 2 u l 0: ■ **l 

•0.27:0f0:>e*0t -O.JHPOSASC^OI -0.2800525F»01 -0. 2960 lOSE+OI -0. Io**02m *01 -o.M:otr.. :t 

-O.272O0O5E4O1 -0.230U665E»0l -0. 2B00525*>0! -0 . 2 960 3t»5 E *0 l -0 . 3U4Q 2 <5F ♦ Q I *0 . U 20 1 OL 7 * 0 1 


RSS RAND YO R A NO OrFSET FOR HAND 2 (REL. YO I) 0 . 1 950070F4 0 1 PIXELS 
MSS PALO TO U A A’D OFFSET FOR BANC 3 (REL. TO J> 0 . 3*90 0 < 0 Ct 0 1 PIXELS 
RSS RAND TO 0 AND OFfSCT FOR BANC 4 CREL. TO *) 0 . 5« 4 09 1 OF ♦ 0 1 PIXELS 
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Table 6-4 

Additional MIPS Parameters 


ORIGINAL PAGE IS 
OF POOR QUALITY 


MIPS LONG TFRH PARAMETER FILE MtPS.PARHSlML400S.AM 
2S-JAN-198J 14112106. GO 


IC*8 MIPS LONGTERM PARAMETER RECORD LONCTERMSOOO 
L0NGTERH4000 

IR44 EARTH ROTATION BETWEEN A3CENDINC NODES ( ARC'MIN) 
1487.320 

. ,:*4 ORBIT REPEAT CYCLE COATS) 

16.00000 

IR44 OROITS PER CYCLE 
233.0000 

|R44 SATELLITE PERIOO (MINUTES) 

98.C64I 2 

IRf 4 INCLINATION OF ORBIT (OEGRCES) 

98.20000 

1R*4 ECCEMTR JCITY OF EARTH ELIPSOIO 
8*1992000E-02 
IR44 ORBIT RAOIUS (METERS) 

7083465. 

|R*4 LONGITUDE OF ASCENDING NODE PRIOR TO PATH 1 
127.7605 

1C82 TYPE OF SIIPEROIO 
64 

IR*4 EARTH RAOIUS AT EQUATOR (KKS) 

6378.388 

1R«4 MRS SPACING AT THE EQUATOR (DEGREES) 

1 .545064 

1144 NUMBER OF PATHS IN THE MRS 

233 

1144 NUMBER OF ROWS IN THE WRS 
248 

11*4 NUMBER OF ROWS IN THE OELTA EPHEMERIS 
16 

1144 NUMBER OF COLUMNS IN THE DELTA EPHEMERIS 
3 

1144 NUMBER OF ROWS IN THE DELTA ATTITUDE 
64 

1144 HUMBER OF COLUMNS IN THE OELTA ATTITUDE 

3 

IR44 MIDDLE LINE NUMOCR OF INPUT NOMINAL SCENE 

1203.500 

|R44 MIDDLE PIXEL NUMBER OF INPUT NOMINAL SCENE 

1620.500 

1144 NUMBER OF COLUMNS IN THE HRS 
61 

1144 NUMBER OF ROWS IN THE IIRS 
51 

1144 NUMBER OF COLUMNS IN THE VRS 
61 

1144 tIUMDEn or ROWS IN THE VRS 

44 


-A 
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Table 6-5 

Decompression Tables for Bands 1 , 2, and 3 


DCTIMORC4000 

11*4 NOMINAL CAL WEDGE WINDOW SIZE 
6 


|I*4 DECOMPRESSION TABLES FOR BAN*>S 1 AND 3. <4 VALUES 


0 

1 

2 

1 

3 

4 

5 

6 

7 

0 

9 

10 

11 

12 

11 

14 

16 

57 

le 

20 

21 

22 

24 

26 

27 

29 

31 

11 

34 

36 

10 

40 

42 

44 

46 

45 

50 

52 

54 

56 

59 

62 

05 

67 

70 

73 

76 

79 

02 

S5 

00 

91 

94 

96 

09 

102 

105 

108 

ill 

U< 

117 

120 

121 

127 



1104 DECOMPRESSION 

TABLE FOR 

BAND 2. 

64 VALUES 



0 

1 

2 

2 

3 

4 

5 

6 

7 

8 

c 

10 

11 

12 

11 

H 

16 

17 

U 

19 

21 

22 

24 

26 

27 

29 

31 

13 

34 

3L 

30 

40 

42 

44 

46 

4P 

49 

St 

S4 

56 

59 

6:. 

64 

67 

70 

73 

76 

79 

01 

04 

07 

90 

91 

9( 

99 

102 

105 

100 

ill 

11' 

117 

120 

123 

127 
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The third record of importance (Teble 6-7) is the set of C, and D, values calculated using pre- 
launch data. These values are presented for each sensor in each moi 1 >f operation. The sequence 
of values for each calibration lamp source follows the same pattern given in Table 6-1, in which 
the calibration response has been presented in terms of digital counts. This set of C, f D. is used 
to calculate sensor gain and offset in terms of radiance and calibration wedge digital response. 
These data are presented in Tables 6-7, 6-8, 6-9, and 6-10. The fourth record contains calibration 
wedge offsets for each sensor in the high- and low-gain modes of operation. These data presented 
in Tables 6-1 1 and 6-12 can be correlated directly with calibration wedge response. Therefore, the 
following applies for sensor 1 , band 1 , and high gain: 


Word 

460 

470 

480 

490 

910 

920 

Calibration 

Response 

42 

40 

38 

35 

2 



where the calibration response refers to the calibration wedge described in Table 6- 1 . 

Finally, Table 6-13 contains data used in image generation relating to tic-mark placement and 
separation and to the size of the annotation words used by MIPS. 
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Table 6-7 

Calibration Coefficients for High-Gain, Prime Lam 
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Table 6-7 (Continued) 


« 




o 

r* 

•* 

r» 

«n 

M 

O 

© 

n 

r* 

o — 

o 

V* 

in 



n 


4 * 

o 

#A 

o 

*n 

Ol 

o 


M 


VI 

o 


o 

— • 

<»i 

f 

1 1 

1*1 

r*i 

«vc © 

P* 

© 

4 T 

iu 

•r 

*/ 

N 

CJ 

o 

«• 

*p 

O* 

r- 

C*» 

*n 


M 

c* 

n 

f.. 


r~ 

V 

mm f«. 

*» 


Ul 

OI 

*• 

P- 

** 


© 

© 


V** 

<A 

O 

n 

© 

M 

M 

CD 

m 

•» 

M 

V) 

• M 

Iff 

•«• 

mm 

r» 

©* 

r- 

%* 

Cl 

cn 

vr 

© 

»4 

CT 

ir. 

•r 


•4 

t i 

*A r. 

11 

i*' 

*1 

Oi «■ 

v> 

ul 

© 

© 

<A 

•D 


*■4 

n 

Pi 

n 

Ol 

© 

m* 

r- 

•«« 

© 

■»* 

«• 

•V 


■s* 

<N 

i 1 r» 

*h 


V 

o* 

U> 

(ft 

V> 

O 

u> 

m 

© 

U 1 

w> 

ul 

© 

© 

© 

m 

© 

n 

© 

m 

*o 

n © 

« 


ui © 


OOOOOOOOOOOOOOOOOOOOOOOOO 


n » m *«« «i n O'^aowr-ct^Min 

*AP4c*4»<P>iO'~''A‘- > to«.-Oor"-'4»'ip»r>»*>«4*i'p4r-»r4'n 

• «af 4 ^n(Nv«*«MO«*o<r«v«*^r 4 «« — • •* ca 

«rM3tf>y}^<oo«Atatntbin*0W)oioonon>^«0 

ooooooooooooooooooooooooo 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

1 

1 

1 

1 

• 

1 

c 

1 

1 

• 

« 

U 

bl 

hi 

U 

hi 

hi 

LI 

u 

hi 

u 

hi 

u 


tOOfto*ooo«ooo^ooic «oovtor^ownor» 
^©•0Ui»rvr»c<^p*r-cJ»4©«“»p*cf'r«-r4O4AC4C*Opi^ 

«t 4 Ptn:*r»p«m* 400 Pi<pr *»'-4 o <a «> oo< « r< « vt « 
¥Om«’Mf*iQ\f>uoovnoc««<o^rwmMiotnr« 
•*io©-»- 4 Ln©rf«-i*Tuir- oitMflnvoo^'fl^Nova 

tnon^^rvmavpoei/^oOfD^^. ^ortc^vo^ 
OOOOOOOOOOOOOOOOOOOOOOOOO 


O O O O O O 

• I I • I * 

W Cd U XI LI Id 

f^om©oa©o©o©o 

» 00 \ 000 « 000 v )0 
OOWNftin ONOVO'O 
o«<no«k'*-'a«iv-c? 
p* Mao 

©♦BNf 9 **o»ina\oc^ 

nSNAM^MMMQMO 


0 O o o o o 

1 I f I I e 

Id hi hi Ld UJ hi 

dOdOMOmo^OMOM 

mo^o«o^ro«-*o^o-* 

o«**Q-*<omnora^»o^ 

> 6 lOP*MOf 4 ^W 5 r»<HOV \0 

c>or*.co-"r*?^o»VOTr*© 

NrtMtMMwnNfi^wmn 


ooooooooooooooooooooooooo 

I I I I I « 



to 

10 

10 

10 

o 

o 


o 

o 


o 

10 

10 

mm 

O 



1119 

I 

1 


» 

1 


i 

i i 

1 



hi bl Li hi 

ta 

Li 


hi 

Li 


hi 

U hi 

Ul 


mt 

O M* C? » O © O 

® o 

r» © 

N©no 

«4 

O 

r— © © © 

04 © 

o» 

Pi 

%• © — CX — <*» -v- 

o <M 

•4 r* 

ip 

© 

o ^ 


P* 

0 0104* 

IP P 

© 

o» 

m © in o n» © © 

•t 

M © ** 


r- 

it» 

cn 

PA Cl r* OQ 

o © 

© 

o 

r* c* r- © r* o 

w> m 

44 P 

© 


o oi © 

tft M N" M O O O 

pi 

M 

^.«Anooc 

O m 

«« ^ 

© 


C9 m 

pi 

Cl 

4MON<^ 

Cl m 

*«i 

r» 

r^m © 

© <M 

© m ui 

mm 

PI <N 

*n 

Cl 

r* © n* 04 

O PI 

*? 

nMnMWMinMnNWM 

n <» 

pi -9* 

PA 

PI 

iA 

m 

»pi 

o 

© o © © o o o 
• til 

o o 
9 

o o 
« 

o o 
i 

oo o o 
1 I 

o o o o 
1 1 

o o 

• 

o 


O o o o 

o 

o 


o 

o 


«4 

o 

0! 

01 

mm 

O 



till 

» 

9 


1 

• 


1 

i t 

• 



Id Ul hi hi 

hi 

hi 


hi 

hi 


hi 

hi u 

u 


•o 

o p o n o m o 

in o 

5^ O 

o o 

O' O PO 

m o o o 

<*- o 

M 


N(M AN*»^u 

© m o» m 

Pi 

o 

1— Ol 

onociwo'ar* 

o 

M 

w n o rfi •• m o 

e> — 

r- «p 

4*4 

M 

PI o 

o 

© 

1' L7 U O 

r» ci 

4D 

P* 

v <6^. W wn 

© © 

© 

o 

<*• PI 

pf 

PA 

N0»0 A 

<* OJ 

o 


O tl P M u p« 

*- r- 

o © 

04 

«n 

o — 

PC 

cn 

<rt M M 44 

n 

Ol 

to 

r* o r- © o <•«« o 

« o 

pi n> 

04 

n 

o* ^ 

© 

«4C9*?tftPU 

© 



V 

<9 

<r? 


o 

UO«f »Uffl 

© 


OOOOOOOOOOOOOOOOOOOOOOOOO 


«D 

«• 


«• M M 

OT 

mm 


M 

«• 

•* 

4* 

•9 

«• 


*• 


«• 

«# 

«• 

mm. 



mm 

«0 

© 

© 

© © © 

© 

© 

© 

© 

© © 

© 

© 

© 

M 

© t 

i 

© © 

© © 

© 

© 

ar 


22 

I-* vr 

22 

1*4 

22 

H 

22 

H 

22 

P* 

z 

1- 

72 

K 


1- 

2 

H 

Z 

W 


*4 

td 

H UJ ► 

w 

Li 

w 

hi 

mm 

hi 

-* td 

r«f 

Ul 

*-4 

td 


W 

mm 

w 

M LJ 

M 

< 

© 


i> < 

r 

© 4< 

© 

4* 

© 

•< 

© «c 

© 

■*< 

© 

< 

© 

* 

« 

-t 

© 

-c 

o 

w 

u 


" 

U* O u* 

L? 

L. 

U tv O k u 

M# 

tJ 

u o 

u 

o te. 

u 


u. 




u. 


U. 


k. 


u. 


h. 


U. 


u. 


u 


u. 



o 


- 


o 


<J 


a 


o 


o 


o 


a 


o 


O 



m 


*# © 


© 


P* 


m 


9i 


o 


•4k 


M 


#n 





W4 


«4 «A 


•* 


44* 




•• 


f 4 


Pi 


P» 


p« 


04 



* 


ec oc 


oc 


oe 


© 


ec 


oc 


X 


X 


X 


X 



o 


o o 


o 


O 


o 


Q 


o 


o 


o 


o 


a 



p- 


h H 




h 




h» 


H 




t* 


e 


h 



u 


u u 


u 


U 


U 


u 


V 


u 


(J 


tj 


u 



Ul 


hi hi 


Ul 


Id 


Ul 


hi 


L> 


hi 


hi 


hi 


Id 



H 


H h 


H 


C-4 


p4 


H 


H 


H 


*4 


P- 





Ul 


Ul Id 


Id 


hi 


to' 


U 


Ul 


Ul 


hi 


hi 


hi 



o 


a o 


O 


O 


Q 


Q 


o 


a 


a 


O 


a 



ORIGINAL PAGE IS 
OF POOR QUAdTY 


6-14 



Table 6-8 

Calibration Coefficisnts for Low-Gain, Primary Lamp 


ORIGINAL PAGE K 
OF PCOR QUALTPr 


A O 

am ft 

4» 

m 

© 

G‘ 

m ft o 

«* 


IN 

ft 

A 

ft 

«• 

rj 

© 

A 

A A 

O — 

ft 

0 

A ft* 
A kl 


«» 

O 

AAA 

O o o 

ft ft 
A. A 

A A 
A A 

AAA 

O A* O 

IN O 
am #A 

ft © ft 

AAA 

•n 

ft 

IN 

IN 

* ' 

A 

ft 

ft 

© 


ft 


yi 

© 

y* 

o 

V 

© 

U 

«N 

ft © 

ft 

O 

n 

*1 A O A •• 'f 

K 

r> o •• 

ft © 

A* * 

in — — 

At m 

© ft ft 

<* 

<©• 

r— 

%" 

ft 

hi 

© 

A *. 

on 

© 

O n « 

Q ft 

*> o 

n 

fc*. 

Wt 

— o 


M 

ra 

o m r» — *n ft 

ft 

•o m \C 

ft « 

O' « 

A<0 O 

m o 

A9f* 

a 

<• 

f* 

A 




V « 



ui ft ft t' 

*4* 

n 

ft 

WJ 

M 

ft 

m «• 

n 

r* 

© 

y. ft O A r* f» 

on 


A 9 

^ A#* 

© © o v» in 

<n 

Ut 

mm 

I'l 

o 

V* 

A 

«* m 

«« 

ft 

y* Cl ft 

ft 

«•* 

r-> 

•p* 

ft 

©M 

«n 

— c\ 

At 

o- 

M 

A ^ • A •• 

A 

- A « 

»• IN 

0 — 

A « U 

v — 

ft ft ft 

IN 

V 

ft 

N • 

<*»* 

ft 

IP 

A *0 
• • 

w 

• 

© 

0 tf> 
• • • 

0 

• 

m 

• 

• 

** H? 
• • 

a m 
• * 

A A A III 
• • • * 

A A W» k< A A A A 

A H) A 
• • • 

« A« P 
• • • • 

AAiar a 

aw a<o 

t • 1 • 

A W 
« • 

A ft 
• • 

0 

« 

O 

« 


OOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOC o O O O OOOOOOOOOOO 


• **#- ©^L-im'OiAc*Anin©ciA.©»CN©^N o © c- — © © ^ o.o» © w © * — ci 

u «< <# 

p»o»nr*«o*»i ,, ‘*oop«^^w*a^oovoO”U^onpi**'"0**««» ♦ ©©r*--*MAnc'-w»OA«PA — p-cupa 

nopi»«r»*ii , irio«ww^e'v9>*)^»fw-«o»oo»r*o* « ♦ « o f* <o « « •*« ^ « 

xa«.r^or«o<>c cj <chCf*oo^n~Mpt«*M< 9 . <> « • qi 

g»iort«(r><o«o«g«o»MOiiinirtioinirt^viin(ftin^«o«rtoo«o^ «noirttcir. 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC OOOOOOOOOOOOOOO 
I I • I • 1 » I I < I I I » • I I I I I I I I I 



o e 

«« «• 

o © 

A« 

o 

© o o 

01 

01 

01 

01 


«• 

© 

o 

o 

o 


A* 

o © 

o o 

© 


e 

AM 

o 



« • 

t t 

I 

1 1 • 

till 


1 

1 

1 

1 

7 

1 • 

« 1 

i 


i 

« 



y u 

w u 

u 

hi U hi 

hi hi hi M 


w 

hi 

u 

u 

w 

hi u 

U M 

u 


ui 

hi 



O «A O •• 

o © 

tn © 

m a m o m © © 

omooowoic 

o © 

© m 

© o 

O IA c 

©©•ftomofto 

ft O f— © ft o 

ft 


A«TOAOm*PN 

viriOO'NaiApiAAOcjAoc'O a 

r* itf ft 

N* 

A p» 


m 

n 

O #A 

ft 


wA A*t 

Afl** 

in a 

M 3 A A O o A 

Ano aoiw a 

O 

IN PA 

© © 

m m pa 

— C 

ft PA 0 f «. 

©Oft 

© Cl 


CN VV ft 

ft 


A«H« 

O A-O 

in -+ 

A O W* A N A A 

ognowf'c* 

o 

O rn 

a- m 

p* m 

0 

© C 

O ft © o c . 

AM © -A 

m ft 

PA 

— ft ft 

ft 


0 9 mil 

N NO 

OWAP^PO'TOvOiO 

4 «eo'«>ODin 

vO © 

M «t 

Cl 0 CN 

— A 

ft fN © © ft 

Oft© 

•M vl 

AM 

I'O'I* 

o 


W «P V A A A A 

« • 

XA IN © IN «• O' — 

0 > •• © a- O «« mm 


O' PA © A* 

r* tA 

Cl 

a 

NPMACi 

o — m 

AM O 

CN 

(1 M.* ft 

»A 


AM AAA« A 


IN 

m 



IN 

PA 

IN ft 

m 

«o 

ooooooooooooaoooooooaoooooooQOOcc 

00000000090000 

o 

hi 

a 

~3 

A IN 

O O 

IN IN 

© © 

IN 

O 

w « • 

© © © 

o o o o 


IN 

a 

rt 

© 

« 

o 

IN 

O 

n 

m IN' 

© o 

IN IN 

O o 

IN 

O 


."A 

O 

m 

O 



1 1 

1 f 

1 

1 1 1 

till 


i 

i 

1 

1 

7 

t • 

t 1 

f 


» 

• 


X 

hi Li 

hi hi 

u 

U M hi 

M hi hi hi 


hi 

hi 

w 

k ; 

h 

- hi hi 

U hX 

hi 


hi 

hi 



o o o a o a a 

O' © 

tt o © © c? © o» 

a ^ © ^ © © © 


0 l' 09 ' 040 «: 

ft O ft O ft 

O W © ft o 


© ft o 

CN 

u 

e» vi o - 

O IN O 

popo ov 3 ©mm»‘©’p v ^ O' o 

m 

© © 

a 0 

© © 

o 

© z 

ft O ft © ft 

o pa © 

ft o 


o 

ft o 

«• 

o 

10 © ft 0 

IN o V 

© r* 

« O A A A 

> M A o A «• M 

© 

© vn 

m © m o 

€ 

© A 


A ft ft 

a m pf 

© 

AM O 

© 

o 

r» m n* o o n» ko 

ft. 

0 -«(VrtAC'k 1 f'-tf 3 Af "0 

m 

Pi o 

m in m — 

0 

0 A 

AM©O.A*A.O—Oin#A 

o 


•• 0 

MV 

u 

A«N A 


o A M I') «OtU fl O .1 

0 to © |N M IN m 

o 

IN M 3 

r* *n 

- © 

<N 

O' A 

as ^ m kip.f-in(Np»M)p* 

( 14*1 

0 

i 

^ 0 k A- © 

O © IA 

AklOOVOAVlOC 

a m p* 3 om 0 'p»«> a 

IN O 

— © Cl 

© C 

O Of'O'P'O O A 

m p* © 

A* 

— IN 

O 


pnAAAHAACi 

ro r« a «• n a n 

a m «a m a m o* 

noctefi 

AP« r* pi t 


CN Pt IN 

ft 

ft A 

*A 


oooooooo© 

O^OOOOOOCOOOOOOOOOO 

© O Q 

o c 

© O © O 0-0 © o 

o o o 

a 

O O 

o 

u 

M 












ft 

ft 1 

• 


• 

1 


«s 

o o 

o o 

o 

o © o 

o o © © 


O 

© 

O 

© 

c 

© O 

© o 

© 


o 

© 



ff 1 

t 1 

1 

1 1 1 

• « • • 


• 

| 

1 

1 

1 

f 1 

1 1 

1 


« 

• 


or 

Ml U 1 

U U) 

w 

hi («i W 

w u hi u 


u 

hi 

hi 

hi 

X 

W k 

U hi 

hi 


u 

U 


o 

o a o in 

0*0 OWOAO'flOAO** 

o c> o n o m c 


C A O O' o c 

o 

© c 

fN © m o a 

0—0 

A* © 

0 

o in e 

© 

w 

«nc or*«- 

m r- 

fN O M3 W O A- A 

Ot A v 3 O MP MJ O »f f A 

A IN 

A At 

©« 

O t' 

A|«i«*IOO 

*.* fN IN 

O PI 

e- 


N» ft 

O 


aa A O 

moo 

a* a 

« <*» O A o 91 C* 

© n* o c* « m in 

© 

in o 

m © 

W © 1 ft 

^ Ml 

m ft iw n* pn 

V A ® 

ia e- 

ft 

r® 

(0 0 

w 

ft 

NO »«• 

O' o — 

O' IN 

in CJ « O a o A 

INO'OfNf^OOfN 

IN to 

AM W © IN 0 

ft A 

•• W ft ft © 

© ft ft 

W ft 

ft 

CJ 

o n 

M 

A* 

r» •* ft o 

O « N 

m pi 

^ 09 © » m •• © 

«a(N« A( N «P 

M 

© — 

a» <n © m 


C f 

^ ft ft ft C 3 

f> P< O' 

AM ft 

c* 

C> 

ft A * 

PA 

c 

O A O 

O' m <*» 

0 r* 

© t> 10 © «• © -A* 

« «m c m © — © 

fi 

A* 

CN w 

p* ft 

N 

0 IN 

ft PA ft AM IA 

fN ft o 

ft ft 

ft 

CN 

PA ' 

O 

w 

NA •* A 

AA M 

#A IN 

A « A «t A « A 


PO 

IN fA 

m pa 

IN i*i 

fN 

ia n 

<N PA ft tA 

ft A* IA 

ft ft 

fA 

-C 

ft n* 

PA 

•r 

z 

ft 

© © © © 
« i 

OOOOOOOOOOOO 

1111*1 

© O o © o o o 
• 1 1 1 

o 

© o 
1 

o o 

t 

© © 
1 

© 

• 

© c 

OOOOOOOOOOO 
ft ft 1 1 ft 

0 

1 

© O 
• 

©V 

4 

u 

o o 

o o 

© 

© © © 

•• •• . «• A 

o © o © 


© 

o 

O 

e 

m 

O 

© © 

© © 

o 


o 

o 


o 

1 I 

f < 

1 

« 1 1 

1*11 


1 

1 

I 

i 


ft 1 

1 ft 

i 


1 

1 


X 

u u 

tJ hi 

u 

hi (0 hi 

hi U 1 hi U 


hi 

hJ 

hi 

u 

4 k 

hi U 1 

hi M 

u 


hi 

hi 



0 9 > O A 

o e 9 

o 

— o m c mo o © 

Q <N © — O -• © 

AM 

O fN 

© tW © w 

o 

ft c 

ft © o c* © 

C A- O 

ft © 

© 

C. 

AM O 

n 


A 9 AO 

A VI N 

m c* 

o m o <9 A O 

P a y « m 3 O « 

M 

n m 

PA IN 

A* A* 

'A 

0 A 

© ft m © in 

© O -A 

O ft 

ft 

ft 

O ft 

© 

ft 

O A •• V 

A A o N t» 

« 3 . N UMrt ? A 

N Ml vO MJ O O »i Vi 

IN fA 

U ft 

A At 

a 

© — 

m ft A* in ia 

«_ O 0 

r - ft 

N- 

© 

ft © 

ft 

ft 

N A O N 

9 AC 

m m 

rnnciv aao 

m««« a o © in 


A* **l 

0 

0 At 

IN 

IN A 

ft 0 ft © A 

M (N A 

rt o 

ra 

1 A 

w O 

© 

u 

S> tO CP »n «s O O* 

O’/lAAOV'flA'fl 

AANt »«9 a 

o 

© to 

© fA 

IN N* 

IN 

W f» 

O 0 m ti» 0 

— CN O 

© r* 

ft 

N>© 

ft — 

© 

w 

O O CJ — 

00 o a» 

m r . 

- tp rtm r* v 

A Ay O am) v 

t -3 

in a 

fN © 

© — 

o 

PN C 

IA qn CN O' a 

C'M'O 

— aj 

V 

O 

( ^ 


M 

A N N N 

v n g* 

gfg#ifAAi/'A 

i> a n a o a m a 

m n* 

*> ^ 

ft © 

0 -a m 

ft ft ft W ft 

O ^ ft 

ft a> 

V 

tJ 

v* ft 

ft 

M# 

H 

© o o o 

o o o o o 

o o o o o © o 

oooooooo 

o © 

© © 

O O 

o © 6 

©©oooooooo 

© 

© 

o o 

© 

hi 

i • 

1 • 

• 

• * • 

i i i i 


• 

1 

• 

i 

1 

ft 1 

ft 1 

< 


* 

• 


w 

a 



©• *» 





Ml M 

*» «M 


M» pp 



M> ©M 



<N» mm 

## 


W« A A 

</? «o «n 

«o to 

m v» to to m to io 

«1 « O « VJ « «1 

•o 

to to 

to to 

ft ft 

ft 

ft ft 

») C 3 ifl O C 3 

ft IO to ft o 


1 ) 

© n 

ft 


^ P- 

MSP* 

=: I- 

^ h 2 i« x h : 

w fr- r w s f- 

12 

w r ■ 

H X 

w Z 


x. ►* 

Z- »N X ft-t - 

W X w 

0 I'M 

3 * 

r 

X ft 



U UJ u 

O — hi 

— U 

-WhUaWa 

U H U A W N U 


tii « 

hi A- 

'* 

hi 

A* h 

"U-U- 

y « u 

•A Ui 

M 


*N ,J 

M 


A *< VI < 

AAA 

^ «o 

»t VJ < a 3 »X 

V) K n < V) < V) 

•< 

«o *« 

V> A 

ft ^ 

ft 

X V- 

ft r> ft •< 

VJ <. ft 

ft o 

< 

VT 

■< t| 

ft 


•to c u. o u. o u. 

o w 

UU.L 5 WUA.OU.UU.Oh.tTW 

u 

w u 

w u w u w u u 

U w U w U 

W U W 

u w u 

W U 

u 


w u. 

h. W 

h. 

WWW 

W K, W ,W 


w 

w 

w 

W 

U 

w w 

w h. 

w 


W 

w 


X 

o o 

- a 

a 

o a o 

o q; q* o 


o 

o 

o 

o 

c 

o a 

a a 

o 


o 

o 


ft 

- IN 

IN ^ 

© 

WPS 

© © A* IN 




ft 

© 

f 

• © 

o — 

IN 


PA 

ft 




cc 

ae 

« 

ac 

a 

tr 

a: 

m 

(K 

ae 

ac 

X 

at 

w 

X 

C 

K 

X 

X 

X 

cc 

a 

X 

X 

X 

o 

o 

o 

O 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

a 

O 

c 

o 

o 

o 

o 

a 

a 

o 

c 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

fM 

ft 

ft 

*- 

ft 

►- 

ft 

ft 

u 

u 

u 

u 

u 

u 

u 

<j 

u 

u 

u 

u 

u 

u 

u 

u 

u 

U 

u 

u 

u 

u 

u 

u 

u 


w 

hi 

hi 

hi 

U1 

w 

Ul 

Ui 

w 

w 

hi 

hi 

w 

u 

w 

w 

u 

hi 

Ul 

hi 

w 

Ui 

w 

w 


ft 

ft 

ft 

ft 

ft 

ft 

M 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

u 

ft 

ft 

ft 

ft 

k- 

ft 

ft 


hi 

Ul 

h* 

hi 

UJ 

hi 

U 

hi 

hi 

ui 

UI 

UI 

iv 

Ui 

UI 

hl 

h 

UI 

uj 

ui 

u 

txi 

Ui 

w 


o 

o 

Q 

C 

o 

a 

a 

a 

a 

a 

o 

a 

a 

e 

Q 

a 

a 

O 

a 

u 

o 

a 

Cj 

a 


6-15 



I.SMP B ( RCD'JKOAHT) OrPOCTB ICI) AND GAINS (Oil 


ORIGINAL PAGE IS 
OF POOR QUALITY 



w v« n «. : • « 
^ ^ « 
v ''(in a* 
^ tf* «i ^ (' • M 

^ v 

in k> is a «i r« 
***•!••« 
oooooooc 

• I fl • 



& 

E 

c8 

-J 

-A-* 

c 

rt 

*t3 


a 

a: 

c 

*5 

U 

vO 3 

JU MM 

3 Jr 

H <2 

05 

c 

a 

3 

C! 


mm 

0 

«• •*« 

0 0 


0 

*w 

0 


4M 

O 


O 


A 

O 


O 

0 

O 


A 

O 


O 


0 


< 

a 1 


• 

1 


a 


k 


t 


« 

a 

a 


a 


f 




u 

u w 


hi 

u 


u 


hi 


ui 


hi 

UJ 

w 


u 


w 


Ui 


0 ra 

O IN O O 

O Ml 

0 0 0 0 

O 

m 

c 

M3 

c • 

0 r* 

c. 

•a 

o- A“ 

0 

O 

0 

O 

^ ra 

m v? c* 

9fl *» ^ « 

mm 

c- 


«• 


<no<Mii 

«• «0 m 

A 

•-» 

O 

IN 

tr 

0 

c 

a a* 

c* 

M O* 


IN 

At 

PX 

-y? 


IN Pf 

IN rm 

O N- 

0 

in 


ui 01 

ct 

«N 

IN 

<* O vl O 

O *-* N 

At 

■»* 

r*» 


W» 



ra 

mm m 

») A 

0 

Mf 

*> 

ra 

O 

tt 

O y* 

^ » 

r— 0 a, 


V0 P» 

O IN 

Cf* 

n 

O O 

rm 

0 

in r» 

iO 

IN 

IN 




O 

ui 

O 

N« tl 

Ml O *T 

to 0 O 

O '*5 

O 

O 

O 


XP© 

0 

At vt 

Ot O 

At 

O 


v-1 

O 

(N 

0 

(A 

in 

n n 11 p» 

N1 IN 

At 

CM 

At 

IN 

CN 

IN 

At 

<N 

pn in 

IN IN 

n 

IN 

IN 

CN 

At 

IN 

A» 

IN 

0 0 

0 O 0 

0 

0 0 

d 

O 

O 

O 

O 

O 

0. 

0. 

O 0 

O O 

0 

O 

O 

O 

O 

d 

O 

O 


0 o o 

1 » I 

Ui hi u 

i O (« O r* C 

O C» f** a» r«. a 


» 

hi 

e m 

IN r» 

a- © 


‘ O O Ol O Vi m I 

3 '« 0 <^cirv^y 1 
i .1 V ♦ fl M (V /. 


o N 
r- / 
*•» c 


<N y 

Ak A 


a 

•a 


M 

O 

o 

frl 


U 

X 

«9 


OOff 

OOO' 

O O ( 
M O rt ■ 
•* I) f> ' 


OOOOOOOOOOOOO 

i • 1 i I I a i • » • • I 

w tJ ui ui U u U UJ u u u ui ui 

oeo-»or* 0 '*»o**o«ooonop*o^oi^o««C(vi 

t>*-«0‘< , ofJOCrt^do*^c.oc»*ooocr»ooc'OkOin 
(ji^mwnv^c^OOOhkOrtOOvK^^oiorT^r. 
< 5 ^«nof"*'rie' *a r- o ^ r- a- rl _ n* 0 

o envi<6C<vviMr»vi«i«i«i09e 
m — *"• in c o O — v--»vanr^oiNOOO^«^< 7 iov 
('■nft(<A»'nvp>onfi«0*N(M^tt*« 


i w vi r* v ft «» ( 


> <n r* 

i o At 


i t* nil « W « O 

oooooooooooooa o a 000000000 


© © 

1 1 

w u 

000 
o o w 
o» r« r-» 

in *r o 

irt O • 


I 

U 

m o O 

• O m 
O* Crt «■ 

m m vo 
*1 A* © 
O' ■G O' 
p*0 W 


in 

0 

1 

ta 

o m 
o r* 
ra e-* 
A- ra 
o .. 


>00000000000©© 
I I 


0000 

llli 
u u w U> 

Of O m C o 

n* A t r* <► ra IN ra 

o a* (V (i 1,1 « « 

M O w f* f <w m 

y *» p» f a >n n 

f « o n y p« (^ 


OOOOOOO 


o o e o 

i*«i 

14 U: 14 UJ 

© ra o x o © o 

o f-t o o o a . o 

O O ^ Ov to O w 

fMD « A O f in 

- «a 

C'>ortnmo 


* 000000 ' 
I « i 


0 o 

1 I 

hi hi 

© e» c. 

v 

00 m 


e*rt r* 


o 

( 

i-j 

f* © *• 
ra •- m 
m r-* mm 

o r* ra 

an a* At 

w n ra 

« pi tn 


OOOOOOOOOOOOOOOO 

I I • I 3 • I I I I I » I 9 I f 

WUiMhJUiUJUJUihiihhJuJUJiiUUJ 

o*yo-*o-?o«rotfO<Noirtc.rtoooootfioootfio^ovoo 

,f.<NrMGfi. 4 gi.niHO^r»OfiNOCC'CiPk 10 ynMGAOOO 

At CA <N C* O r» C- —• «» O <*> ra cl © O^O'OpiA-r'f'O ~l mm f% o vi ^ q 

ii <A « t( y o f t? »n ^ o m m ci 11 m « y 91 o o fl f fl « « o c u r' a 

~ J ^ ~ n gi v o in f - 1 ', (> r, f o •• f ^ f' in f in f vO « r to r 


I 

Ui 

o — 

to — 
r*- — 

O n 
0 * C 


<N At <N ' 


* n ft c» n m w (^ w M « v ninrimi 


0000 

tail 

UJ W Ui !vl 

o^oirtovoo 

OO 0 NON 4 — 
OO'OOu^OftO 

m (*» vl C f O pi y 
»wiorac 5 o«oo» 


01 

• « 

0 0 

O 

O 

O O 

• « • 
OOO 

O 

« • 
O O 

* • 
O O 

• t 

O O 

• 

O 

« 

O 

« 

O 

« 

O 

O 

0 

O 

• 

O 

t 

O 

t © 

O O 

« « 
0 0 

« 

O 

O 

0 

0 

O 

• 

O 

• 

O 

O 

O 

© 


0 0 

0 

• • • 
OOO 

a 

O 

as 

A* 

1 

1 


1 


9 


1 


t 

1 

3 


1 


1 


1 


a 


1 


• 


1 


a 


1 


1 


1 


1 


1 


• 


» 


1 


u 

0 

O 


mm 

0 


«• 

O 


0 


O 

A 

O 

O 


O 


O 


O 


0 


o« 

O 


O 


Off 

O 


O 


O 


O 


0 


O 


0 


Oi 

O 


ra 

O 


mm 

O 


0 

t 

» 


• 


• 


1 


1 

1 

1 


1 


1 


1 


1 


l 


e 


» 


1 


l 


1 


t 


| 


1 


1 


t 


* 


at 

hi 

U 


■4 


U‘ 


(4 


(4 

u 

W 


Ui 


Ui 


Ui 


r«i 


Ui 


u 


u 


u 


C4 


u 


ui 


Ui 


Ui 


Ui 


U» 


tu 


X 

0 0 

O IN O 

O O «H 

O 03 

O At 

0 Ifl 

O 

At 

0 

ra 

O 

<• 

O 

0 

0 

0k 

O IN 

0 

Ao 

0 

*0 

O 0» 

O 

ra 

0 

0 

0 

IN 

O 

e 

0 ra 0 

PN 

O 

O 

0 

ra 


f* N* 


0« 

IT 

O IN 

«r 

•• 

ra 

U vO 

IN -A 

-N* 


A 

At 

ra 

A* 

A1 

ra 

Hi 

ra 

ra 

IN O 

O 

c» 

o\ 

-O 

CN 


IN 

O' 

ra 

A* 

• 4 

ra 

c 


IN 

ra vo 

O 

O 

At 

O 

A» 

fN- A* 

At 


O 

(% 


A* 

O 

N3 

A* V 

v: <r> 

»o 


N* 

ra 

t? 

ra 

tn 

mm 

to 

IN 

A* 

IN 

0 

IN 

fA 

mm 



mm 

rt 

& 

ra 

a*. 

O 

ra 

IN 

ra 

fN 

rt 


mm 

ra 

ra 

U 

P* 

At (fl 


«• 

tr 

m 

r* 

yp 

PA 

A* 

At -A 

**N ra 


O 

O 

0 

CN 

ra 

O 

;* 

fM 

MA 


Ol 

ra 

ra 

Bk 

mm 

o 

ra 

0t 

O 

c 

ra 

A. 

N‘ 

ra 

A 

IN 

mm 

<0 A 

0 

O 

ra 

O 

u 

ra 0 

n 


0 

1-1 

ba 

A 

At 

u 

r** hi 

ff. & 

ra 

C9 

N* 

<0 

N* 

n 

VI 


O 

O 

At 

«a 


O 

O 

mm 

at 

at 

IN 

ra 

ra 

ra 

ra 

V 

A* 

ra 

At 

O 

✓V 

ra© 

ra 


O 

«• 

W 

At At 


rr 

fN 

A> 

wi 

ut in At 

<n <* 

0 r* 

o» 

At 

«£ 

At 

A 

(N 

ra 

fN 

At 

At 

ra 

0 

ra 


Tt 

mm 

0 

mm 

PA 

IN 

A» 



v> 

O 


O 

**t 


to 

ra 

O 

0 

O 

to 

H 

0 N 

fl v« 


*n 


Mt 

N* 

ra -n* 

0 <• 

ra n» 

tn 

tn 

ra 


ra 

V 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

NP 

ra 

ra 

n«* 

ra 

fA 


PN 

ra 

r*> 

V 

A 

ra 

A* 

ra 

O O 

O 

O 

O 

O 

0 

c* 0 

O 

0 0 

0 0 

0 

O 

0 

O 

0 

O 

0 0 

0 

O 

O 

0 

0 

O 

0 

O 

0 a 

0 0 

0 

0 

• 

O 

• 

O 

O 

c 

O 

O 

0 

0 

O 

0 

O 

0 

ki 

ra 

1 

• 


• 


• 


1 


« 

l 

a 


a 


» 


a 


a 


< 


1 


a 


» 


l 


f 


» 


1 


• 


» 


« 


1 



(b 

(«. 

o 



n 

ra « 

ra 

ra t : 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

CO 

ra ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

fcT 

ra 

ra 

ra 

ra 

ra 

ra 

U 

ra 


i-» 

s 

H 

3 j 

f- ;r 

1- 


r* 


►- 

rr 

f- 



X 

PN 

ra 


u. 

j« 

~ 

H* 

iC 

H 

**. h 

.1 

9- 

£ 




X 

9- 


V- 


p- 


9« 

x 

r- 

t; 

9- 

2 

(- 



Ui 


Ui 

*N 

Mt -N 

i«i 


ai 


u 


Ui 


(•1 


Ui 

•• 

UJ 

BN 

M> 


1 .» 


Ml 

*- (4 

M 

Ui 

4M 

W 

wm 

UI 


UJ 


ui 




ui 


UM 

mm 

U 

M 

nJ 

9m 


«3 

Nt 

ra < 

n 

t j 

•< 

ra 

-< 

ra 

-c 

«3 

■< 

ra 


V) 

A 

ra 

< 

ra 

a: 

ra 


ra 

< ra 

a: 

ra 

■< 

ra 

-N 

ra 

X 

ra 

X 



ra 


ra 

•V 

ra 

X 

ai 

X 

Vi 

X 


w 0 

u u 

u. l; 

u 

O u. 

u 

L. 


u. 0 

u. 

0 

In 


u. 


4. 

C 

u. 

l: 

u. 

0 u. 

L? 

lb 

L3 

Ur O 

u. 

0 

u. 

L? 

u. 

Ur 



u. 

a 

u. 

C 

Uk 

O 

Um 



h. 


u. 


u. 

u. 


La 


U 


u» 


Urn 


U. 


Ur 


u. 


bu 


u. 

u. 


u. 


Ikr 


u. 


Ur 


Uv 


u. 


C«k 


u. 




Urn 


z 

O 


a 


O 

a 


O 


O 


Ci 


O 


O 


O 


O 


O 


0 

0 


c 


O 


C 


a 


a 


c 


0 


O 


a 


a 


«N 



IN 


Ml 



in 


O 


PA 


O 


0k 


O 




fN 


m 



ra 


O 


P» 




0 


0 


«• 


IN 


A* 




O 


















«a 


— 


*“ 


mm 

tk 


A* 




M 


AN 




IN 


fN 


IN 


IN 


IN 


as 

X 


X 


X- 

r? 


« 


X 


X 


X 


X 


X 


X 


X 


ez 

X 


X 


x 


x 


x 


x 


x 


X 


X 


X 


X 



a 


O 


0 

0 


a 


O 


a 


O 


O 


O 


a 


a 


O 

a 


a 


0 


0 


0 


0 


Q 


c 


Q 


O 


O 


** 

h 


A 


9- 

H 


9- 


H 


►n 


H 


H 


9- 


H 


»-• 



H 




H 


p* 


fr. 


9* 




PB 


Pb 


H 


t- 


s 

u 


<J 


U 

U 


u 


U 


O 


u 


U 


W 


u 


u 


U 

u 


Ur 


u 


IJ 


u 


O 


O 


0 


u 


O 


u 



Ui 


W 


UJ 



Ui 


w 


Ui 


Ui 


14 


Ui 


Ur 


Ui 


UI 

(4 


Ur 


Ui 


Ui 


Ui 


Ul 


Ur 


Ur 


UI 


Ui 


Ui 





H 


H 

p- 


p- 


p' 


P- 


9- 


9- 








9 n 

p- 


9* 


(k 


(• 








P- 


9- 


|- 


p- 



ui 


U) 


U 

u 


u 


(4 


UJ 


W 


Ui 


UI 


UI 


Ui 


U 

UJ 


Ui 


Ui 


faa 


Ui 






Ui 


ui 


Ui 


Ui 



Ci 


0 


Q 

a 


0 


0 


Q 


a 


O 


O 


0 


C 


a 

0 


Q 


0 


a 


Cm 


O 




0 


a 


Q 


a 



6-16 


15HS8I 0.2ISIG9I 


Table 6-10 

Calibration Coefficients for Low-Gain, Redundant Lamp 

Or r <SETS ten AND CAINS (01) VON SIX CAL VEDCC VALUES 


ORIGINAL I AGE IS 
OF POOR QUALITY 
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CR'GHMAL PAGE IS 
OE POOR QUALITY 


Table 6-1 1 

Calibration Wedge Offsets for the Prime Lamp 


LAMP A (PHIKC) CAL MEPCt OPrSETS 


HICK 

CM* 

CAL WEDGE orrs 

ETS TOR 

SIX CAL 

1 EDGE 

VALUES 



DETECTOR 

1 

CAL 

WEDGE 

offsets* 

460 

470 

480 

490 

910 

920 

onrcroR 

7 

CAL 

wedo: 

OFFSETS t 

463 

473 

483 

49) 

91) 

923 

OCTCCTOn 

3 

CAL 

wedge 

OrfSETSt 

467 

477 

487 

497 

917 

927 

DETECTOR 

4 

CAL 

WEDGE 

OFFSETS* 

471 

481 

491 

501 

921 

931 

OETLCTOR 

5 

CAL 

WfOGE 

Off SETS 1 

475 

485 

495 

35 

925 

V 3 5 

OCTcrmu 

6 

C!L 

WEDGE 

OFFSETS 1 

479 

489 

499 

509 

979 

9 J 9 

OCtrCTOR 

7 

CAL 

wedge 

OFFSETS 1 

568 

578 

588 

598 

9)8 

943 

detector 

0 

CAL 

WEDGE 

OFFSETS I 

571 

581 

591 

601 

*«1 

95 t 

cctfctor 

9 

CAL 

WEDGE 

OFFSETS * 

575 

585 

595 

60S 

945 

9 5 5 

DETECTOR 

10 

CAL 

WEDGE 

OFFSETS 1 

579 

589 

599 

609 

949 

959 

DETECTOR 

11 

CAL 

WCOGC 

OFFSETS* 

583 

593 

603 

613 

9b) 

963 

0ETECTOP 

12 

CAL 

wCDGS 

OFFSETS! 

587 

597 

607 

617 

957 

967 

OCtF.CTOR 

n 

CAL 

WEDGE 

OFFSETS* 

370 

180 

190 

400 

880 

C90 

detector 

14 

CAL 

WEDGE 

Gfrsexsi 

373 

383 

393 

403 

88) 

893 

DETECTOR 

IS 

CAL 

vrocr. 

OFFSETS « 

177 

387 

197 

407 

887 

897 

OETECTOR 

16 

CAL 

I’EDGE 

OFFSETS* 

301 

391 

401 

411 

891 

901 

DETECTOR 

17 

CAL 

WEDGE 

OFFSETS 1 

385 

195 

405 

415 

895 

905 

OETECTOR 

10 

cal 

WfiDCE 

OFFSETS! 

389 

199 

409 

419 

899 

909 

DETECTOR 

19 

CAL 

WEDGE 

OFFSETS! 

323 

31) 

343 

353 

743 

753 

OETECTOR 

20 

CAL 

wedge 

OFFSETS! 

327 

317 

347 

357 

747 

757 

DETECTOR 

21 

CAL 

wedge 

OFFSETS! 

331 

241 

351 

361 

751 

76 * 

DETECTOR 

22 

CAL 

WEDGE 

offsets* 

335 

245 

355 

365 

755 

765 

OETECTOR 

23 

CAL 

WEDGE 

OFFSETS! 

340 

350 

260 

370 

760 

770 

DETECTOR 

24 

CAL 

WEDGE 

OFFSETS! 

343 

353 

363 

373 

763 

773 

LOW 

CAIN 

CJtl* MEOGE OrrSETS FOR 

SIX CAL 

WEDGE 

VALUES 



DETECTOR 

1 

CAL 

WEDGE 

OFFSETS* 

220 

230 

240 

250 

coo 

610 

DETECTOR 

2 

CAL 

WEDGE 

OFFSETS* 

224 

224 

244 

254 

804 

614 

DETECTOR 

3 

CAL 

WEDGE 

OF^ETSI 

227 

217 

247 

257 

807 

817 

DETECTOR 

4 

CAL 

WEDGE 

OFFSETS* 

232 

242 

252 

262 

612 

972 

DETECTOR 

S 

CAL 

WEDGE 

OFFSETS* 

215 

245 

355 

265 

815 

P 25 

DETECTOR 

6 

CAL 

WEDGE 

orrscTSi 

239 

249 

259 

269 

819 

829 

DETECTOR 

7 

CAL 

wedge 

OFFSETS! 

12? 

337 

347 

357 

867 

C77 

DETECTOR 

8 

CAL 

wedge 

otrserst 

339 

340 

350 

360 

870 

680 

DETECTOR 

9 

CM 

WEDGE 

OFFSETS! 

114 

344 

354 

364 

674 

604 

DETECTOR 

10 

CAL 

wedge 

OFFSETS I 

338 

348 

358 

366 

878 

8S8 

DETECTOR 

11 

CAL 

W^DCE 

OFFSETS! 

342 

352 

362 

372 

882 

592 

DETECTOR 

12 

CAL 

WEDGE 

OFFSETS 1 

346 

356 

366 

376 

886 

ev6 

DETECTOR 

13 

CAL 

wedge 

OFFSETSI 

265 

375 

305 

395 

875 

605 

DETECTOR 

14 

CAL 

WEDGE 

CUTSETS 1 

369 

379 

389 

399 

• 79 

eu9 

DETECTOR 

15 

CAL 

WEDGE 

OFFSET Si 

373 

303 

393 

401 

• 9 3 

f!9) 

DETECTOR 

16 

CAL 

WCCCE 

OFFSETS I 

377 

387 

397 

407 

6 0 7 

897 

DETECTOR 

17 

CAL 

WEDGE 

OFFSETSI 

300 

390 

400 

410 

890 

900 

DETECTOR 

10 

CAL 

WCDCE 

OFFSETS* 

3 8 4 

394 

404 

414 

894 

904 

DETECTOR 

19 

CAL 

WEDGE 

OFFSETS! 

319 

329 

339 

149 

739 

749 

DETECTOR 

20 

CAL 

WEDGE 

OFFSETS* 

123 

333 

343 

353 

741 

7 S i 

DETECTOR 

21 

CAL 

Wf.UGE 

Of FSfcTSl 

327 

337 

347 

357 

747 

757 

DETECTOR 

22 

CAL 

WEDGE 

OFFSETS t 

331 

341 

351 

361 

751 

761 

DETECTOR 

23 

CAL 

WEDGE 

OFFSETS 1 

335 

345 

355 

365 

755 

765 

DETECTOR 

24 

CAL 

wedge 

OFFSETS! 

339 

349 

359 

369 

759 

769 
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Table 6-12 

Calibration Wedge Offsets for the Redundant Lamp 


e 

(ItCDUHnAHT) CAL WLOCE 

OFFSETS 






MICH 

gain 

C»L WEDGE OFFSETS KOM 

SIX CAL 

VKOGt 

VALUES 



DETECTOR 

1 

CAL 

WEOGE 

OFFSETS* 

460 

470 

480 

490 

910 

920 

DETECTOR 

2 

CAL 

HEDGE 

orrrF.Tsi 

463 

<73 

483 

493 

913 

92) 

DETECTOR 

3 

CAL 

HEDGE 

OFFSETS I 

467 

477 

487 

497 

91 7 

927 

DETECTOR 

4 

CAL 

WEDGE 

OFFSETS 1 

471 

461 

491 

501 

921 

9)1 

DETECTOR 

S 

CAL 

WEDGE 

OFFSETS 1 

475 

485 

495 

505 

925 

935 

DETECTOR 

6 

CAL 

WEDGE 

OFFSETS * 

479 

439 

499 

509 

929 

9)9 

DETECTOR 

7 

CAL 

WEOCE 

OFFSETS 1 

568 

578 

508 

598 

930 

948 

DETECTOR 

8 

CAL 

WEDGE 

OFFSETS X 

572 

582 

592 

602 

S i 2 

952 

DETECTOR 

9 

CAL 

WEOGE 

OFFSET5I 

576 

586 

596 

606 

9 46 

956 

DETECTOR 

10 

CAL 

WEDGE 

OFFSETS* 

579 

589 

599 

fc 09 

949 

959 

DETECTOR 

11 

CAL 

WEDGE 

OFFSETS* 

583 

593 

603 

613 

96 3 

963 

DETECTOR 

12 

CAL 

WEDGE 

OFFSETS* 

507 

597 

607 

617 

957 

967 

DETECTOR 

13 

CAL 

HEDGE 

OFFSETS* 

370 

300 

390 

400 

SCO 

090 

DETECTOR 

14 

CAL 

WEOGE 

OFF5ETS* 

374 

384 

394 

404 

804 

094 

DETECTOR 

15 

CAL 

WEDGE 

OFFSETS! 

378 

308 

390 

408 

8 C 8 

P93 

DETECTOR 

16 

CAL 

WE r C r 

OFFSETS* 

382 

392 

402 

412 

892 

902 

DETECTOR 

17 

CAL 

WEjCE 

OFFSETS* 

385 

395 

405 

415 

8ys 

905 

DETECTOR 

10 

CAL 

WEDGE 

OFFSETS* 

389 

399 

409 

419 

899 

909 

DETECTOR 

19 

CAL 

WEDGE 

OFFS CVS 1 

322 

332 

342 

352 

742 

752 

DETECTOR 

70 

CAL 

WEDGE 

OFFSETS* 

326 

336 

346 

356 

746 

756 

DETECTOR 

71 

CAL 

W EDGE 

OFFSETS I 

330 

340 

35P 

360 

750 

760 

DETECTOR 

22 

C * L 

HEDGE 

OFFSETS* 

333 

343 

353 

363 

703 

763 

DETECTOR 

73 

CAL 

HEDGE 

OFFSETS S 

338 

348 

350 

368 

758 

768 

DETECTOR 

24 

CAL 

HEDGE 

OFFSETS* 

342 

352 

362 

372 

762 

772 

LOtf 

GAIN 

CAL WEDGE Of 

FSETS TOR 

SIX CAL 

WEDCE 

VALUES 



DETECTOR 

1 

CAL 

WEDGE 

OFFSETS* 

220 

230 

240 

250 

000 

010 

DETECTOR 

2 

CAL 

WEDGE 

OFFSETS 2 

224 

234 

244 

254 

004 

614 

DETECTOR 

3 

CAL 

HEDGE 

OFFSETS* 

227 

237 

247 

257 

807 

617 

DETECTOR 

4 

CAL 

HEDGE 

OFFSETS* 

231 

241 

351 

261 

81 1 

821 

DETECTOR 

5 

CAL 

WEDGE 

OFFSETS 1 

235 

245 

255 

265 

015 

825 

DCTEC70P 

6 

CAL 

WEDGE 

OFFSETS * 

239 

249 

259 

269 

819 

829 

DETECTOR 

7 

CAL 

WEDGE 

OFFSETS 1 

327 

337 

347 

357 

667 

C 7 7 

DETECTOR 

9 

CAL 

WEDGE 

OFFSETS* 

331 

341 

351 

361 

071 

0 61 

DETECTOR 

9 

CAL 

WEDGE 

OFFSETS * 

334 

344 

354 

364 

674 

6 0 4 

DETECTOR 

10 

CAL 

WEDGE 

OFFSETS* 

339 

348 

358 

368 

87U 

C80 

DETECTOR 

11 

CAL 

WEDGE 

OFFSETS 1 

342 

352 

362 

372 

ec2 

092 

detector 

1 ? 

CAL 

HEDGE 

OFFSETS* 

346 

356 

366 

376 

CC6 

096 

DETECTOR 

13 

CAL 

WEDGE 

OFFSETS t 

366 

376 

386 

396 

876 

6 B 6 

DEI CTOR 

14 

CAL 

WEDGE 

OFFSETS* 

370 

300 

390 

400 

0 8 0 

090 

DETECTOR 

IS 

CAL 

WEDGE 

OF FSET3S 

373 

36 3 

3 93 

403 

0 £ 3 

093 

DETECTOR 

16 

CAL 

WEDGE 

OFFSETS* 

377 

387 

397 

407 

C 8 7 

097 

DETECTOR 

17 

CAL 

WEDGE 

OFFSETS* 

301 

391 

401 

411 

£91 

901 

DETCCTOR 

18 

CAL 

HEDGE 

offsets: 

385 

395 

405 

<15 

095 

905 

DETECTOR 

19 

CAL 

WEDGE 

OFFSETS* 

318 

328 

330 

348 

7 30 

7 40 

DETECTOR 

20 

CAL 

HEDGE 

OFFSETS* 

322 

332 

342 

352 

742 

702 

detector 

21 

CAL 

WEDGE 

OFFSETS* 

325 

335 

345 

355 

745 

755 

DETECTOR 

22 

f CAL 

WEDGE 

OFFSETS t 

329 

339 

349 

359 

749 

759 

DETECTOR 

23 

. CAL 

WEDGE 

OFFSETS* 

334 

344 

354 

364 

754 

7 G 4 

DETECTOR 

24 

* CAL 

WEDGE 

OFFSETS t 

339 

348 

358 

368 

750 

768 
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ORIGINAL RAGE IS 
OF POOR QUALITY 


Table 6-13 

Geometric Image Tic-Mark and Annotation Parameters 
Carried in the Long-Term Record 


***$«$**♦*** ****?*»*#*♦<»***#********»***»*•»» 
IC*12 POLAR STEREOGRAPKIC TICKMARK RECURD KET 
P8TCKMRMOOO 

IR*4 HORIZONTAL PIXEL SIZE (METERS) 

57-00000 

|r*4 VERTICAL PIXEL SIZE (METERS) 

57.00000 

tt«4 TICKAARK SEPARATION (KMS1 


50 

1174 LENGTH OF HORIZONTAL ANNOTATION BLOCK (PIXELS) 

33o 

11*4 LENGTH OF VERTICAL ANNOTATION BLOCK (LINES) 

<20 

11*4 PIXELS PER OUTPUT LIRE (PIXELS) 

3548 

11*4 LZNES IN THE OUTPUT JKAGE (LINES) 

2983 

11*4 DISTANCE IN PIXELS AWAT FROM THE X AXIS OF THE PS STSTEN 
1492 

1R*4 NINOOW SIZE AROUND 0.0 FOR P(l.l) AHO PCI, 2) 

9.9999990E-03 

IR*4 WINNOW SIZE AROUND 0.90, 180, »90 (DEGREES) 

0.1745000 
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